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CHAPTER 1 • INTRODUCTION 
In computer software products the term "icon" refers to the small graphic image 
displayed on the screen. Some icons are used for the purpose of corporate identity; some icons 
are for the enhancement of visual entertainment; while others are for the indication of certain 
software functions. This research paper focuses on the design and communication issues of 
the icons representing functions in computer interfaces. 
Much of computer software is designed to assist users to accomplish various tasks. 
The tool bar icons in this type of software are components of the tools and the representations 
of certain functions. According to human psychology experiments, ~ictures are often 
remembered better than words. Pictures are also better recognized than either words or 
sentences" (Hitch 1987, p.147). Researchers also suggest that "graphical interfaces may offer 
considerable benefits over text-based interfaces, since graphic interfaces provide an interesting 
environment which easily arouse the users' episodic memory. It is especially helpful if the 
interface is complex" (Hitch 1987, p.147). Thus, the original purpose of using images, 
instead of words, to indicate certain functions is to make the interface more transparent and 
intuitive for the users. The most efficient working experience occurs when one is in a 
"continual flow of focused concentration: absolute absorption in an activity" (Norman 1993, 
p.35). However, in human-computer interaction, interruptions of works are often caused by 
the tools of computer. Some problems are caused by the tool bar icons since not all of them are 
comprehensible to the users. Users have to either refer to guide books frequently or use the 
pull down menu instead of the icons to use certain functions being represented by some icons. 
When one is working, all attention should be concentrated on the task itself, not on the tools. 
"When the tool calls attention to itself, that creates a breakdown in the work flow. Tools 
should stay in the background, becomes a natural part of the task ... The tools, the person, and 
2 
the task meld into a seamless whole" (Nonnan 1993, p.34). Efficiency and transparency are 
the essential and fundamental requirements. Here, the tenn transparency refers to the quality of 
usability of a tool that while being used, the tool becomes unnoticeable to the users. Only 
when a tool becomes unnoticeable to the user, does the tool aid the users efficiently_ Thus, the 
icons must be designed in such a way that they can communicate with the users effectively and 
immediately. The immediacy of communication and the transparency of usability are the 
essential missions of the tool icons. When a tool icon represents a certain function well, the 
function can be employed by the users easily. However, when an icon image misrepresents 
the functions and misleads the users, difficulties follow. When the communication channels of 
icons do not work effectively the users have to either put in painful effort to study and 
remember the meanings of the icons, or give up using the functions represented by the icons. 
Very often, the latter is the choice. The designated functions of an interface, thus, become 
partially inaccessible due to the ineffectiveness of icon communication. 
Most computer icons are designed by developers or designers. There are certain 
similarities and differences of the function and visual impact between the designs of paper 
images and electronic digital icons. The similarities are that both forms are created for the 
purpose of communication. The design principles apply equally to both designs. Yet, there 
are some major aspects, such as functions, users' expectations, and the nature of the media, 
which differentiate the electronic tool icon design from the design of images printed 
on paper. 
First, the basic functions of the printed images and electronic tool icons differ: printed 
images are for transmitting certain infonnation, but are not tools for performing a task. The 
images themselves do not imply another function. If a viewer is affected by the infonnation, 
he or she can take certain action beyond the piece of the paper on which the image resides. For 
example, if an automobile advertisement on a magazine appeals to a viewer, the viewer can call 
the automobile company to inquire about purchasing a car. The car image on the magazine 
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neither provides a telephone nor performs as a real car. Moreover, if the advertisement is not 
an efficient design, it does not affect the viewer's progress to buy a car. However, this is not 
the case for interface tool icons. The electronic tool icons are representations of tools. The 
immediacy and transparency of the icons lead the users to the functions being represented. If 
the icons are designed effectively, the operators can use the functions effectively. If the icons 
do not communicate, the represented functions are blocked and the users cannot perform their 
tasks efficiently. 
Second, the users' expectations, tasks, and pace associated with the printed images on 
paper and the electronic tool icons are different. The users regard the printed images as 
information; they use the electronic icons as tools. The printed images are the type of 
information which allows the viewers to go through the materials at their own pace. While 
reading a book, a magazine, or an advertisement, the viewers do not need to respond to the 
printed images in one or two seconds. In contrast, the tool icons are representations of certain 
functions. The users expect to use the icons immediately, and will not spend much time on 
dealing with such tools; instead they prefer completing their tasks quite rapidly. 
The third aspect is related to the capabilities and limitations of the media. Paper printing 
has been developed over hundreds of years. And, the technology is relatively sophisticated. 
The sizes of pages and fonts can be varied accordingly. Any details and styles of images can 
be realized through printing processes on paper. In contrast, the electronic digital display is a 
relatively new technology. There are certain resolution and screen size limitations. In order to 
have sufficient display and working spaces on a computer screen, the sizes of the icons are 
constrained to limited number of pixels which are not always sufficient for a detailed image. 
In order to create effective icons, certain theories of human cognitive psychology and 
graphic design principles must be emphasized in their concepts and visual forms. Efficient 
visual communication is based upon human mental processes. Human communication and 
information processing involves sensation, perception, attention, imagery, memory, thinking 
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and problem solving. Especially important are human pattern recognition, mental models, 
memory abilities. and learning modes that are significant processes in dealing with visual cues. 
The way people perceive. predict and interpret visual images are related to their life 
experiences, knowledge, and background. Electronic icons are visual representations of 
functions. The appropriateness of the forms of the representations determines the effectiveness 
for the viewers. Only meaningful forms communicate. Good designs meet the users' needs 
and allow the users to be in control. 
Semantics, syntactics and pragmatics are the three essential levels for sign and symbol 
designs. The semantic level refers to the relationship of a visual image to a meaning which 
reflects how well the image communicates the designated information. The syntactic level is 
the relationship of one visual image to another which measures how well parts of a symbol 
integrate with the whole and how well one symbol relates to other symbols. The pragmatic 
level is the relationship of a visual image to a user, that is how well human factors are taken 
into account in the design (The American Institute of Graphic Arts 1981, p.20). Design 
principles of hierarchy, clarity, variety and unity are the laws of visual form construction. The 
characteristics of visual forms are the direct means of visual communication. Thus, the criteria 
of computer tool icon design can be established upon the combination of the theories of human 
cognitive process and these principles of visual communication. 
The purpose of this thesis is to analyze the communicability of a sample of computer 
tool icons through user testing, thereby, exploring the criteria of computer software icon 
design. This research is based on two preliminary surveys on effectiveness of the icons used 
in two computer interfaces, Microsoft Word and Adobe Photoshop. The intention of testing 
these icons is not for evaluating the two particular programs per se, but to use these popular 
interfaces as experimental samples to test the hypothesis that icons with high recognizability, 
clarity, simplicity and distinctiveness are effective aids for the users in operations of computer 
software, while those lacking some or all of the characteristics are not effective. The 
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effectiveness and ineffectiveness of icon designs, will be evaluated using the four criteria. 
Specific revisions of some ineffective icons will be provided. 
This thesis is composed of six chapters: Introduction, Literature Review (Criteria of 
Icon Evaluation), Methodology, Analysis, Redesign, and Conclusion. Chapter One, 
Introduction, is a brief statement of the current design concerns about toolbar icons, the 
importance of using cognitive psychology and design principles in the icon designs, and the 
purpose of user testing. Chapter Two, Literature Review, establishes the criteria of the icon 
evaluation based upon the discussions of certain theories of cognitive process, the principles of 
visual communication, and the applications of the two areas in tool icon design. Chapter 
Three, Methodology, lists the purpose, materials, procedure and the subjects of the user 
testing. Chapter Four, Analysis, analyzes the test results. Chapter Five, Proposed Redesign, 
presents the proposed redesigns of some ineffective icons. Chapter Six, Conclusion, 
summarizes the experiment and explores potential implications. 
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CHAPTER 2 - LITERATURE REVIEW (CRITERIA OF ICON EVALUATION) 
Recognizability of an image, clarity of a representation, simplicity of a form and 
distinctiveness of the characteristics are all fundamental criteria for a tool icon design. These 
criteria are based upon theories of human cognitive processes and the principles of visual 
communicational design. Recognizability of an image leads the users to identify what the 
image itself stands for. Clarity of a representation ensures the users' correct interpretation of 
the meaning of the image. Simplicity of a form allows the users to recognize and memorize the 
image easily. Distinctiveness of the characteristics enables the users to differentiate and 
identify the image quickly. These elements are not completely independent from each other, as 
they often interrelate and interact to enhance iconic communication. 
A. Recognizability of an Image 
Human visual communication involves at least three components. The fIrst component 
is an initiator, the person who initiates a display of a visual signal such as a sign, a symbol, or 
a picture. The second component is the mediator which is the image itself. The third 
component is the viewer who perceives the image. To send out a visual signal is an attempt for 
communication; yet, the attempt of communication does not always produce a desired effect. 
The visual image, or the mediator, is the means of communication; however, it does not always 
guarantee communication. The viewer perceives the image, but, to perceive the image does not 
necessarily lead to recognition of the image. Only when an image is recognized by the 
receiver, does the first step to effective communication become reality. Thus, the 
recognizability of an image becomes one of the initial criteria for interface tool icon design. 
Whether an image is recognizable or not by the viewer depends on the connection between the 
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viewers' mental model and the mediator of the communication. In other words, effective 
visual communication relies on the conceptual compatibility between the users' existing 
experiences and the designed image. The study of human pattern recognition process, mental 
models, the experiential and reflective modes in cognitive psychology provides the knowledge 
of how people process incoming visual information based upon their existing experiences. 
Besides the conceptual compatibility, the formal solution of the image also plays a critical role. 
The applications of design principles of visual forms, laws of composition, theories of 
semantics, syntactics and pragmatics, determine the quality of the final solution of the visual 
form. 
1. Human Pattern Recognition Process 
In order to create a recognizable tool icon, the human pattern recognition process needs 
to be studied and understood by the designers. There are two processes involved in human 
perception: data driven processes and conceptual driven processes. A data driven process is a 
bottom-up process. It starts with a visual image, and an image inserts an impression into the 
human eye and proceeds through various physiological stages that locate lines, movements, 
colors, and contours. Then, special brain mechanisms "recognize a particular combination of 
the features. The process continues until the analysis has reached a specific classification or 
recognition of the incoming signals" (Norman 1969, p.40). Meanwhile, the human 
recognition process also "works on expectation, which is guided by conceptualizations of the 
incoming information" (Norman 1969, p.41). This top-down analysis is the conceptual driven 
process. The two systems are essential and "take place simultaneously, each assisting the other 
in the completion of the overall job of making sense ofthe world" (Norman 1969, pAl). 
Psychologist Donald Norman further explains the human pattern recognition process: 
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The important point about human pattern recognition is that it proceeds by means of all 
possible sources of information at the same time. There is an interaction of data driven 
and conceptual driven processes, starting at the sensory organs and continuing far up to 
the chain of processing stages. Simultaneously, the context in which the sensory 
events are embedded triggers expectations based on past experience and general 
knowledge. These expectations produce conceptually driven processing, top-down 
processes that eventually merge with the bottom-up processes in competing the task. 
(Norman 1969, p.S8) 
Human beings make every effort, and use all possible sources from their existing experiences 
and knowledge to make sense of incoming information. The significance of the human pattern 
recognition process in relation to the issues of tool icon design is that it reveals the potential 
causes of recognition failure. The failure to recognize images may be caused by two factors. 
One is that the image itself does not clearly make sense due to inappropriate design concepts, 
obscured object orientation, or chaotic structure of forms. The other reason is that the users do 
not have sufficient existing knowledge and experiences to identify the image. However, if the 
users are inexperienced, then there is still the problem of the design concept and the solution. 
since neither fit into the users' mental models. 
2. Mental Models 
The mental models of the users playa significant role in the recognition of an image. 
According to Norman's explanation, "mental models are what people really have in their heads 
and what guides their use of things" (Manktelow 1987, p. 108). The principle is that, "if the 
designer gets the conceptual model right, the correct mental model will follow" (Manktelow 
1987, p.109). It is important that the designers do not entirely rely on their own intuitions 
about mental models, and to decide what visual image naturally communicates certain meanings 
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to the users, since the designers' intuitions are "partly supplied by their specialist experience" 
(Manktelow 1987, p.1IO). In order to design effective tool icons, the designers must 
understand the users' mental models and how human beings process a perceived image. 
According to psychologists Ken Manktelow and Julian Jones, "information which is 
integrated and elaborated with material held in memory makes it possible for a user to access a 
model of a system ... to draw inferences and predictions accordingly about the actual system" 
(Manktelow 1987, p.98). They further explain the theory of people's mental models: 
The theory of mental models suggests that for each new item of incoming information, 
a search is made to ensure that this new proposition is consistent with any earlier 
information encountered. If the check back through the mental model has been 
systematic and exhaustive, the model constructed or accessed will be the one most 
appropriate to the information available at that particular time ... But if the search has not 
been systematic and exhaustive, and only a simple model has been constructed, then the 
inferences drawn are more likely to be implicit. Moreover, the simple model is likely to 
be the basis for further errors of understanding. (Manktelow 1987, p.l02) 
Mental models are the reflections of people's life experiences, educational background 
and knowledge obtained through daily activities. Different professional working environments 
influence people's perception and logic, as well. The design of computer icons must 
incorporate the users' mental models into the design concept and the visual solution. For 
example, there are similarities of designing traffic signs and computer tool icons, since both 
designs must enable the users to recognize the images and to respond immediately. The 
experiments in the designs for freeway traffic signs demonstrate that "signs using familiar, 
general widely experienced symbols were handled fairly rapidly by subjects ... Signs which 
used unique, unfamiliar symbols demonstrate that subject had difficulties supplying logical 
interpretation" (FHA 1969, p.61). People interpret the meanings of an image based upon their 
experiences. The ambiguous and unfamiliar images cause viewers confusion. 
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Recognizing an image of a tool icon is a learning process. The initial learning step is 
called "accretion" which is an accumulation of facts. This initial process of learning can be 
easy or arduous depending on the characteristics of the material presented. In Norman's view, 
"when you already have the proper conceptual framework, accretion is easy, painless, 
efficient. Little or no conscious effort is required under these circumstances. However, when 
there isn't a good conceptual background, then accretion is slow and arduous. In this case, it 
can be difficult to learn the material. It requires repeating the material over and over again, 
using mnemonic strategies, or writing down the information" (Norman 1993, p.28). The 
significance of this can be applied in tool icon design. If the icons presented to the users are 
designed based upon the users' existing experiences and conceptual framework, the users can 
easily identify the image. To recognize the image is just the first step toward understanding 
what the icon means; however, it is crucial to the process of the communication. In some 
cases, the communication between the information initiator (the designers) and the information 
receiver (the user) is broken by the appearance of a poorly designed mediator (the icon). 
Both the conceptual and formal solutions of icon design determine the fmal appearance 
of the image. The compatibility between the final appearance of the image and the users' 
mental models determine the recognizability of the icon. Thus, three aspects are involved in a 
process of designing a recognizable icon. First, theories of cognitive psychology contribute to 
the understanding of the users' mental models and learning process; therefore, this leads the 
design to incorporate the users' experiential background and specific needs. Second, based 
upon the information of the users' mental models, the design concept is defined to fit in the 
users' conceptual framework. Third, when the first two steps are established as the 
foundation, the visual image is created and executed into a recognizable form for the users. 
Visual hierarchy, balance of the composition, spatial relationships, and variety and unity of 
forms are the design principles for the formal treatment of the image. Various formal 
treatments can affect impact. The recognizability of an image is based upon the integration of 
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the above three aspects. For example, if an object is well known by the targeted users, and the 
orientation, proportion, size and spatial relationship of the image are concretely portrayed 
according to the common view of the users, the image will be easily recognized. The problems 
of the image which may break the communication can arise at three levels. They include "the 
level of syntax, which governs relationship between elements within the sign; semantics, or 
meaning of the sign elements; and pragmatics, or the suitability of the image for a particular 
physical display and set of interpreters" (Mullet 1995, p.191). For example, if an object or an 
abstract image is not well known by the users, or a common image is depicted from a peculiar 
view point, the image may confuse the users and become unrecognizable, since these forms do 
not exist in the users' experiences. 
Here, the question of uniqueness or stylistics which is inherent in most designers' 
professional endeavor might be raised, since most of the design professionals pursue the 
uniqueness of design. Designers Kevin Mullet's and Darrell Sano's statement explains the 
issue: 
Significant stylistic movement are never based on superficial embellishment, eclectic 
imitation, or self-conscious ornamentation ... While largely independent of content, the 
chosen style is itself part of the message. Its pragmatic implications must always be 
addressed in effective communication-oriented design. Because it governs formal 
decision, style is the first thing people notice in a design. It tells the viewer how to 
interpret the design by providing clues to the cultural context within which it was 
created and the audience for whom it is intended. (Mullet 1995, p.213) 
The important point is that the computer icons, as discussed in this chapter, are essentially and 
fundamentally created for the purpose of intuitive and transparent tools. The criteria of the 
tools are not exactly the same as the criteria for purely aesthetic entertainment. To achieve the 
goal of a design for aesthetic entertainment, the image must be able to not only catch the 
viewers' attention but also evoke the viewers' conceptual and emotional experience of 
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empathy, therefore, sustaining the users' interests and attention. Yet, to accomplish the 
purpose of the designs for tool bar icons, the images must enable the users to reach the 
represented function effortlessly so they can perform their task with their most preferred 
experiential mode and without paying too much attention to the icons. 
3. Experiential Mode and Reflective Mode 
There are two kinds of cognition: the experiential mode and reflective mode. According 
to Donald Norman, "experiential thought is reactive, automatic thought, driven by the patterns 
of information arriving at the reservoir of experience" (Norman 1993, p. 23). The experiential 
mode is essential for effective performance. It is fast and effortless. In contrast, "reflective 
thought requires the ability to store temporary results, to make inference from stored 
knowledge, and to follow chains of reasoning backward and forward" (Norman 1993, p.25). 
The reflective mode involves comparison and contrast, thinking and decision making. It leads 
to creative ideas. The reflective mode needs more time, since it is a process of problem solving 
and thus the thinking processes of reflective mode are slower than that of experiential mode. 
The difference between the two modes is rooted in the technical details of information-
processing. The experiential mode involves data-driven processing. It "leads to a state in 
which we perceive and react to the events around us, efficiently and effortlessly" (Norman 
1993, p.16). The experiential mode is the most preferred mode for humans using tools since 
tools must be transparent and should not block access to the functions. However, if the tools 
for the experiential mode behaviors are designed in such a way that they require reflection, then 
the reflective mode is required to use the tool. The tools thus "turn simple tasks into problem-
solving exercises, causing needless mental effort, taking needless time" (Norman 1993, p.27). 
Norman further explains the experiential mode in relationship to pattern recognition: 
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We are excellent perceptual creatures - Experiential mode is our preferred way of 
working: see a pattern, immediately understand it. This is what makes expert so rapid 
at comprehending, so smooth at responding, so fast at diagnosis. Another common 
phrase used in psychology to describe this state is "going beyond the information 
given." A simple fragment of information and we immediately recognize the whole. 
(Norman 1993, p.127) 
Human beings originally have the innate ability to recognize visual images. People match 
images that "appear similar to past events" (Norman 1993, p.131). However, if the images 
happen to be designed in an arbitrary way, people can not easily recognize the pattern. 
Examples may be cited from reports of the US Department of Transportation concerning the 
weakness in the traffic signs such that "we can face the signs and still not know what we are 
seeing" (FHA 1969, pjii). Similar things might be said of computer interface toolbar icon 
designs as well. The images of the icons must be recognizable. As designers Mullet and Sano 
indicate, "an effective image must possess a perceptual immediacy that allows it to be 
recognized at a glance. For most images, this involves a process of careful abstraction in 
which all but the elements that most characterize the sign object are removed" (Mullet 1995, 
p.175). 
4. Design Principles for Image Recognizability 
Besides the conceptual aspects, several design principles can be emphasized in the 
visual solution of an icon. First, the contour of an image must be enhanced. In cognitive 
studies, numerous experiments reveal that "an initial step of recognition is to separate a figure 
from its background through the definition of its contour" (Granovskaya 1987, p.154). When 
perceiving an object, "visual perception of shape can be considered as a one-channel process 
incorporating contour scanning" (Granovskaya 1987, p.154). Human perception is 
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inseparably linked with the spatial relationships of an object, and the contour is "an object's 
separateness from its background" (Granovskaya 1987, p.154). The design of a tool bar icon 
should have a clearly defined contour which is not only the reflection of the object but also an 
exaggeration of its most familiar shapes. The reason the contour needs to be exaggerated is 
that the images are limited in size so that the contrast of the forms must be enhanced. 
The contrast of the forms is another significant design principle to be emphasized. 
"Visual contrasts must be established by maintaining the perceptual qualities of size, value, 
hue, orientation, texture, shape, and position. These characteristics are described by Bertin 
(1983) as the retinal variables, because they are perceived immediately and effortlessly 'above' 
the picture plane and across the entire visual field. This automatic perceptual characteristic 
makes the visual variables the fundamental units of visual communication" (Mullet 1995, 
p.54). Mullet points out that "contrasts should be strong, but few in number ... The most 
successful designs rely on a few basic contrasts to establish order and visual identity with the 
work" (Mullet 1995, p.66). A design without contrast does not have a visual hierarchy. Such 
designs make the users unable to recognize the major information presented. However, a 
design with too many contrasts creates visual chaos which makes effective communication 
impossible. "Contrasts are conscious, few, and never overwhelming. Gratuitous graphical 
embellishment are never added as decorative afterthoughts or used simply because the 
technology is available" (Mullet 1995, p.67). 
Inappropriate formal treatments obscure the appearance of the image. Such problems 
can be caused by "misleading syntax, poorly integrated structure, dominant secondary 
elements, using one type as image, using images for abstract meaning, images based on 
obscure allusions" (Mullet 1995, p.191), uncommon orientation and perception, incorrect 
spatial and scale relationship, over detailed image clustered in limited pixels, and inappropriate 
proportions. Anyone problem or a combination of these problems may confuse the users, and 
make an image unrecognizable. 
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Thus, theories of human cognitive psychology and principles of visual 
communicational design are interrelated. The studies and experiments of human pattern 
recognition process, mental models, learning process and experiential mode provide the 
guidance in the design of software icons. The design principles lead to the successful fmal 
realization of the visual form which is the direct mean of the visual communication. All the 
above theories and principles reveal that recognizability of an image is a critical element at the 
initial stage of visual communication. This criteria should be but was not often be applied to 
the design and evaluation of computer toolbar icons. 
B. Clarity of the Representation 
Electronic functions, different from mechanical tools, operate invisibly. In order to 
make the electronic tool visible, tool bar icons are designed to visually represent some of the 
hidden functions. The goal of using images instead of words on software buttons is to make 
the buttons more intuitive, friendly and comprehensible to the users. The challenge is that the 
electronic functions do not have visual forms themselves, and each type of software has its 
own distinctive functions. Some of the functions are concrete while others are abstract; some 
functions are indicated by nouns, others by verbs. Consequently, to use images to represent 
the functions involves various concepts and forms of representation, such as the 
representational metaphor and the depiction of the electronic devices, as well as concrete 
images and abstract forms. However, these various types of representations are not 
independent from each other. In most cases, two or three overlap. To interpret the 
connections between the representations and the functions can be very challenging to the users, 
because what the users see is not directly the original shape or form of the electronic tool, but a 
representation which is based upon the designer's individual interpretation and visualization of 
the invisible computer functions. The users can not identify certain functions directly, but 
16 
depend upon the representations. Thus, in software tool icon design the clarity of the 
representation is an essential and critical criteria. It means that the message embodied in an 
icon must clearly suggest the connection between the icon and its function. 
Because most software functions are invisible and formless, most icons can not directly 
portray the functions. Currently, only a few functions can be visualized with the images 
involved in the computer devices, such as using an image of a printer to represent the print 
function. The majority of functions are represented either with abstract forms, such as using 
overlapped squares to suggest "bringing to front" and "sending to back", or with metaphor or 
analogy, such as using scissors to represent a "cut" in software. To use portraits of electronic 
devices as icons requires the users' familiarity with the electronic environment; to use abstract 
forms also involves the users' learning process which is similar to that of acquiring a foreign 
language; to use a visual metaphor as icons demands the users' analytical thinking process and 
also involves a given cultural background. However, all the methods work effectively when 
the associated concepts and designs are appropriate. In other words, if an icon clearly leads 
users to interpret a certain function correctly. the icon communicates well, no matter if it is a 
metaphor, portrait, concrete image or abstract form. Problems arise when a representation 
lacks clarity, which means an image carries an ambiguous message, or an image leads the users 
to interpret the meanings in multiple directions. 
Several basic attributes affect the clarity of the representation in software icon designs: 
the characteristics of representation, the nature of metaphor, the impacts of concrete images and 
abstract forms, and the execution of the forms. All these aspects are associated with the users' 
mental models. In order to clarify the representation, the features of these potential attributes of 
representation need to be examined in relationship to the users' mental models. 
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1. Characteristics of Representation 
The characteristics of an effective representation involve three aspects: the origin, the 
messenger, and the receiver. Regarding icon design, the origin refers to a software function; 
the representation is an icon; the receiver refers to a user. An icon is a communicational sign, a 
visual representation, which is defmed by Charles S. Peirce as "something that stands for 
someone or something in some respect or capacity ... The sign itself is the product of a three-
way relation between the representamen (that which represents), the sign's object (that which is 
represented), and its mental interpretant (the situated intelligence that performs the necessary 
substitution of signifier for signified)" (Mullet 1995, p. 171). An appropriate representation 
suggests the users to associate the icon with a designated meaning while an inappropriate 
representation misleads the users to wrong directions of thinking. The triadic feature of a sign 
involves three levels: "the syntactics addresses the internal structure of the representamen 
itselL.Semantics addresses the tacit relation between representamen and sign 
object...Pragmatics considers the effect of the syntactic and semantic aspects in relation to a 
particular interpreter in their personal psychological context" (Mullet 1995, p.172). Because an 
icon is a connector of three basic aspects: a software function, a design solution, and the users' 
interpretation. Icons must be designed with consideration of all the three levels. The final 
solution of the visual representation must be able to communicate effectively to the targeted 
users. "Without effective visual representations, the graphical user interface is no more 
effective than a character-based interface using an unfamiliar script" (Mullet 1995, p.169). 
Among the three aspects connected by an icon, the software function is fixed while 
both the design solution and the users' interpretation are dynamic. On the one hand, design 
concepts are based upon the designers' personal imaginations and are visualized by certain 
visual forms. Various formal structures produce distinctive visual impacts. On the other hand, 
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the users' interpretations of the meanings of the icons depend on the users' existing 
experiences and not upon the designers' imaginations. Thus, the users' interpretations might 
not be the intended messages sent by the designers. Norman (1993) indicates that "the critical 
property of the representations supported by cognitive artifacts is that they are themselves 
artificial objects that can be perceived and studied. Because they are artificially created by 
people they can take on whatever form and structure best serves the task at the moment. 
Instead of working with the original idea, concept, or event, we perceive and think about 
representations that are better suited to match our thought processes" (Norman 1993, p.51). 
Here, the significance and the challenge are that "the goal of communication-oriented design is 
to develop a message that can be accurately transmitted and correctly interpreted, and which 
will produce the designed behavioral outcome after it has been understood by its recipient" 
(Mullet 1995, p.2). The icons lacking clarity of representation often exhibit the characteristics 
such that the images are recognizable but the users still do not understand what the icons 
suggest or what functions they represent. The icons lacking clarity force the users to engage in 
a usability problem before doing their tasks. Norman comments that "bad representation tum 
problems into reflective challenges. Good representations can often transform the same 
problems into easy experiential tasks" (Norman 1993, p.55). 
The purpose of using an icon as a representation is to clearly transmits a message which 
suggests the function being represented, and which is correctly interpreted by both the 
experienced and inexperienced users. Norman discusses the phenomena and the significance 
of representation: 
Once we have ideas represented by representations, the physical world is no longer 
relevant. Instead, we do our thinking on the representations, sometimes on 
representation of representations. This is how we discover higher-order relationships, 
structures, and consistencies in the world or, if you will, in representations of the 
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world. The ability to fmd these structures is at the heart of reasoning, and critical to 
serious literature, art, mathematics, and science. (Norman 1993, p.S1) 
He further cites the idea of good representations. According to his view, representations 
"capture the important, critical features of the represented world while ignoring the irrelevant, 
are appropriate for the person, enhancing the process of interpretation, and are appropriate for 
the task, enhancing the ability to make judgments, to discover relevant regularities and 
structures" (Norman 1993, p.51). Norman lists three principles in representation which are the 
Naturalness principle, the Perceptual principle, and the Appropriateness principle. He defines 
the three principles as the following: 
Naturalness principle: experiential cognition is aided when the properties of 
representation match the properties of the thing being represented ... Perceptual 
principle: perceptual and spatial representations are more natural and therefore to be 
preferred over non perceptual, non spatial representations. (Norman 1993, p.72) 
Appropriateness principle: the representation used by the artifact should provide 
exactly the information acceptable to the task: neither more nor less. (Norman 1993, 
p.97) 
For an interface, people need to know what the system can do and cannot do, and what they 
need the system to do. The users mental models are important aspects to the design 
consideration. According to Psychologist Ken Manktelow's (1987) view, there are two 
important aspects of the users mental states. One is that the users have their goals and 
expectations. They also make predictions about the capabilities of the system. Second, users' 
mistakes in using the system are often not caused by their limitations of attention or memory, 
but from inappropriate predictions and interpretations of the system. To study a person's 
thinking and mental models is one of the key approaches to a user friendly interface. 
Manktelow further points out, "one of the fundamental tenets of cognitive ergonomics is that 
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good design should lead to a single, coherent, and plausible mental model" (Manktelow 1987, 
p.106). 
2. The Nature of Metaphor 
The nature of metaphor is often associated with the clarity of a representation in icon 
designs. As most of the electronic functions are themselves formless and invisible, most of the 
icon designs employ various analogies and metaphors to visualize the functions. Analogy and 
metaphor are very helpful to the users. As psychologist Norman expresses, "much of our 
decision making and problem solving is done by analogy, by comparing the current situation 
with some earlier experience" (Norman 1993, p.128). According to R. Mac Cormac's 
definition, the essence of a metaphor is "an unusual juxtaposition of the familiar and the 
unfamiliar" (Cormac 1985, p.9). He explains that "metaphors allow us to extend our 
knowledge by juxtaposing normally unrelated referents and by suggesting that some of the 
attributes of each referent are similar. Other attributes of each referent remain dissimilar" 
(Cormac 1985, p.17). One important aspect regarding metaphor and analogy is that "metaphor 
involves not only semantic, syntactic and cognitive aspects, but also the contextual aspects 
about culture and the individual's knowledge and living environment" (Cormac 1985, p.21). 
Obviously, the intention of using metaphor and analogy in icon designs is to make the interface 
more comprehensible to the common users. However, metaphor and analogy are only 
powerful when the implied meanings are intuitive and clear to the receivers. Therefore, in the 
electronic environment, to understand the users' mental models is not only critically based 
upon the regular level of information representation, but also on a higher level of 
communication which is the level of visual analogy and metaphor. 
Analogy and metaphor are indirect and implicit ways of communication which are 
supposed to achieve direct and explicit communication effects. The Greek philosopher 
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Aristotle (poetics, 1459a) regards the usage of metaphor as "both normatively appropriate and 
cognitively significant" and says that "a good metaphor implies an intuitive perception of the 
similarity in dissimilar" (Ross 1993, p.22). Hume once cited the principle of metaphor: "three 
principles of psychological association (resemblance, contiguity and cause-and-effect) provide 
the causal foundation for induction of a metaphor" (Ross 1993, p.2). Ross explains that 
"successful metaphors draw attention to similarities between their tenors and vehicles" (Ross 
1993, p.2) and "metaphors express propositions"(Ross 1993, p.18). He also points out that 
"understanding a metaphor involves grasping an intended assertion of similarity" (Ross 1993, 
p.29). The more complex a metaphor is, the longer time is needed for the interpretation. In 
other words, the receiver of the metaphor must go through a intense and rapid thinking process 
to search for the logical meaning of the metaphor. If the searching fails in one direction, the 
receiver has to explore alternative interpretations. If a metaphor is ambiguous or not quite 
appropriate, or if it does not have popular cultural ground in a given culture, the receiver's 
interpretation will fail because the metaphor does not lead to a single mental model for 
interpretation. 
Metaphorical thinking is different from ordinary thinking. Metaphor and analogy force 
the receivers to compare, contrast, imagine, judge and draw conclusions. To interpret 
metaphor and analogy is itself a challenging thinking process; however, it should be fun and 
intuitive since after all, to use metaphor is to achieve a more effective communication. Yet. if 
receivers find the metaphor extremely difficult and confusing, then the metaphor is not 
successful or should not be used for communication under certain circumstances. 
Furthermore, "metaphorical signs involve a two stage interpretation between 
representamen and sign object on the one hand, and between sign object and system function 
on the other. Only when the semantics of both relationships are clear will communication 
succeed" (Mullet 1995, p.l90). Good metaphors can make the invisible electronic information 
processing comprehensible to the users. By using and interpreting metaphor, the users can 
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understand what is going on in the complex computer systems, and feel in control of the 
electronic tools. The power of analogy and metaphor can evoke the users' existing knowledge 
in a particular area, and enables them to apply their knowledge from a non-computer 
environment to the computer system. However, analogy and metaphor are powerful ways of 
communication only if the information can be comprehended by the users simply and 
intelligibly. 
Two significant points associated with the usage of metaphor should be taken into 
account in iconic communication in computer software. The first one is that the metaphor itself 
must be sophisticated and logical. Lakoff and Johnson (1980) explain that "metaphor can 
contribute to understanding only by making us see objective similarities, that is, similarities 
between the objective meaning M and M'. These similarities must be based on shared inherent 
properties of objects-properties that the objects really have, in and of themselves" (Cormac 
1985, P.209). The second is that even an excellent metapbor or analogy requires the receivers' 
certain thinking processes to search for the correct interpretation, which itself is a problem-
solving process. If a metaphor or analogy is created arbitrarily or carries multiple meanings, 
what the users receive becomes a puzzle or a riddle. If the users have to solve several puzzles 
or riddles before doing their tasks, they usually become impatient. The research by Marshall, 
Nelson and Gardiner explains the effective and ineffective metaphors: 
Where an analogy or metaphor hold true, there will be incidental structures and 
functional relations added in order to create the necessary illusion and 
continuity ... Where there is a mismatch between the analogy in use and the specific 
procedures or labels of the system in question, users will have difficulty understand 
why that is so, or may be "led down the garden path" to an outcome which is 
unexpected on the basis of their internal knowledge. They may even abandon using the 
analogy or metaphor altogether. (Marshall 1987, p.231) 
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Hammond and Gardiner (1987) also point out that "the power of an analogy or metaphor will 
be increased if examples of where it holds true, and where it does not, are given" (Marshall 
1987, p.230). Hammond shares the same view that "inappropriate analogies may cause users' 
confusion, since they may draw inappropriate analogies and wild extrapolations" (Hammond 
1987, p.173). Thus, the successful experiences reveal that good icon designs "make use of 
analogies and metaphors which are in common usage and especially those with readily 
anticipated characteristics" (Marshall 1987, p.231). 
3. The Impacts of Concrete Images and Abstract Forms 
The clarity of representations in icon design is affected by the different impacts of 
concrete and abstract forms as well. Two major categories of the electronic functions are the 
focus of icon designs: concrete effects and abstract actions, which naturally lead the designers 
to explore the usage of concrete images and abstract forms as icons. The complexity here is 
that clarity is not simply determined by whether an icon is a concrete image or an abstract form, 
but is affected by the interrelationships between an image, a function, and the users' existing 
knowledge. Why, when and how to use either concrete or abstract images are important to a 
design concept. A good concept leads to the exploration and selection of appropriate visual 
solutions. 
Currently, the variety of icon designs demonstrates four major categories. The fIrst 
category includes concrete portraits of certain devices, such as using an illustration of a printer 
to represent the printing function. The second category uses illustrations of concrete effects to 
represent the functions which produce the effects. For instance, the functions of creating bold, 
italic and underlined letters are represented by the concrete effects-bold, italic and underlined 
letters. The third category refers to the abstract forms symbolizing the invisible system 
operations. For example, various abstract forms suggest the formless and invisible system 
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operations such as the functions of "rotate." The forth category contains concrete objects 
metaphorically suggesting abstract actions, such as using a pencil to suggest the function of 
creating lines electronically. Concrete effects possess some illustrative characteristics while 
abstract actions are dynamic and invisible. On one hand, some functions of the electronic 
devices resemble some "old" mechanical tools, such as creating a line with electronic pixels is 
like drawing a line with a pencil, however, they are by no means the same task. On the other 
hand, some of the interface functions are entirely new, such as saving a file on the hard drive, 
and therefore, they are not familiar to any users' existing experiences. The communicative 
quality of the icons depends on whether they connect with users' mental models or not. 
One of the major problems is that some icons have a recognizable form, but do not have 
clarity of representation. For instance, a pencil suggests only a single function: to draw lines. 
Thus, to use a pencil as a metaphor to represent the function of creating lines in computer 
software is an effective approach. In contrast, a diskette is a very concrete and recognizable 
object; however, this particular image as an icon may suggest several meanings, such as format 
a disk, insert a disk, save on to a disk, or save a file on either the hard drive or on a diskette. 
Because the image of a diskette has the potential to be associated with multiple functions, the 
usage of the diskette naturally makes the users wander among these choices. The multiple 
messages carried by one image lead the users to a guessing game. Users can easily become 
frustrated since their goal is to complete their tasks and not to engage in a game. The more 
ineffective the icon design, the longer the guessing process, and the more frustrated the users 
may become. 
Granovskaya (1987) explains in her research that "people denote signs by such words 
as <look like' and 'resembles.' Computation of signs involves memory operations to an even 
larger degree. When revealing the signs, object mappings are matched to a multidimensional 
coordinate system in the mental field" (Granovskaya 1987, p.161). When the users' mental 
matching process reveals only one possible interpretation, the sign is correctly understood by 
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the users and is well created by the designers. Marshall, Nelson and Gardiner (1987) express 
their view on the usage of icons in their publication of design guidelines: "Icons are valuable 
means of facilitating user-system interaction .. .Icons can be very quickly recognized by the user 
as generic indicators of a particular object or function. Obviously, an icon should only be used 
when it provides a representation which is clear to the user, not just the designer" (Marshall 
1987, p.265). Thus, either abstract or concrete forms, in terms of effective communication, 
must be understood by the users. 
Besides the clarity of concepts in the employment of concrete and abstract forms, the 
impact of concrete images differ from abstract forms to some extent. Sometimes the 
differences affect visual communication. According to the research by psychologists 
Granovskaya, Bereznaya, and Grigorleva (1987), "drawings easily depict only what is 
concretely perceived by the conscious mind ... some abstract concepts are probably difficult or 
even impossible to transmit by drawings; verbs are especially difficult in this respect as the link 
connecting subjects and objects. Images and image representations of various levels express 
structural relationships. Genuine concepts cannot be iconic - they do not look or sound like 
what they denote" (Granovskaya 1987, p.86). They further point out that "to fix messages by 
means of drawings, and symbols, it requires attaching to each drawing a definite meaning" 
(Granovskaya 1987, p.87). Pictorial images are very effective in representing familiar concrete 
objects from the users' everyday experiences. "Pictorial signs have also been shown to be far 
superior to verbal signs for representing inherently spatial concepts under brief presentations 
and poor viewing conditions" (Mullet 1995, p.200). A few aspects make pictorial signs more 
effective than verbal signs under certain conditions. One is that a symbol occupy less space 
than words, especial long words. Next, a "symbol stimulates visual thinking" (Collins 1982, 
p.12). Symbols have the visual directness which "create a direct and immediate impact and this 
permits immediate response" (Mead 1968, p.57). However, pictorial symbols are successful 
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only "when the viewers are familiar with the objects depicted and when that object or idea can 
be portrayed as a picture" (Collins 1982, p.12). 
Abstract meanings and functions do not have visual forms; therefore, the abstract forms 
are generated by the designer's imagination. Mullet points out that "Images are much less 
useful, however, in representing abstract concepts or operations without a familiar experiential 
reality" (Mullet 1995, p.200). He explains the reasons: "Images of familiar, concrete objects 
are easy to interpret correctly. Iconic representations excel at the identification function 
precisely because of the directness of the relationship (resemblance) on which the sign is 
based. Abstract concepts, processes, or situations, because they are less tangible, depend on 
less direct forms of representation in which even a well-designed image may be difficult to 
interpret correctly. Even when the sign's syntax is clear, its semantics can be obscured" 
(Mullet 1995, p.196). The users may be able to recognize some abstract forms such as 
triangles, squares or circles, but their meanings are in designers' imagination, not in reality, 
and therefore are beyond the users' existing knowledge. Thus, abstract icons need to be 
learned in the same way that people learn a foreign language, which is not an intuitive process. 
Mullet points out the fact that the "images for abstract processes or conditions are purely 
conventional-they must be learned before they can become useful" (Mullet 1995, p.2(0). 
When an icon uses a concrete image to metaphorically suggest an abstract operation, the 
case is the most complex. Such an icon may be very simple and clear structurally, one that 
every user can recognize, but they do not know what it represents conceptually (for example, 
to use an eye-dropper for the function of selecting colors in Adobe Photoshop). When using a 
concrete image as metaphor to portray abstract concepts, the semantic relation is often not clear 
and strong. The reason is that this type of icon evokes the users' multi-direction imaginations 
and multiple mental models, and consequently, it ends with multiple interpretations. Mullet 
indicates, "Communicability demands that the pragmatics of a sign be considered very 
carefully, precisely because we carry it about subconsciously in the form of our own life 
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experience, the effect of context on our understanding of the world goes largely unnoticed" 
(Mullet 1995, p.189). To use abstract forms or metaphor to represent abstract system 
operations is a challenging task for icon designers and is a difficult problem for end users. 
4. Execution oj Forms 
The executions of the forms add another aspect to the clarity of the representation in 
icon design. The clarity of the message needs to be communicated through the clarity of the 
structure of the visual forms. Mullet points out, "Visual structure affects the visual experience 
at its most primitive level because it is the fIrSt aspect of the display to be perceived as 
information is extracted and used to guide subsequent interaction" (Mullet 1995, p.89). 
"Without the integrity provided by a coherent visual structure, a design quickly becomes 
impossible to interpret and understand. The cost is functional as well as aesthetic, since 
progress toward any goal is continually impeded-even for expert users" (Mullet 1995, p.89). 
However, no matter how creative the design of the visual forms, Mullet emphasizes that 
"communication design always begin with an analysis and organization of the information to be 
communicated. This is one area where the aesthetics of a display cannot be considered in 
isolation from the purpose for which the display is intended" (Mullet 1995, p.79). 
In order to present information clearly and to impact on the viewers strongly, images 
must be organized with a hierarchic order which means to emphasize certain aspects while de-
emphasizing the rest. "Clarity of intent ensures that contrasts can be easily perceived ... Clarity 
results from a single-minded focus on communication" (Mullet 1995, p.58). The proportions, 
view points, and structures of the chosen image all contribute to the final impact. "The form of 
the representation makes a dramatic difference in the ease of the task ... the proper choice of 
representation depends upon the knowledge, system, and method being applied to the 
problem"(Norman 1993, p.55). While facing icons, the users examine every detail to draw 
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connections between the icons and the users' existing knowledge and experiences, and to 
search for the correct interpretations. Thus, every curve, dot or line, every shape and angle, is 
a significant visual cue. Any forms that have the potential of misleading the users' 
interpretations should be excluded from the designs. Mullet vividly depicts the situations that 
"any irregularity will be interpreted as significant by the user, who will cheerfully ascribe to it a 
meaning even where none was intended. By regularizing non-critical design elements 
throughout the work, the design can attract the user's attention by purposely introducing 
distinct irregular shape or element to convey certain meaning" (Mullet 1995, pA5). He points 
out that "visual ambiguity like verbal ambiguity, obscures not only compositional intent, but 
also meaning ... visual forms should not be purposefully unclear; they should harmonize or 
contrast, attract or repel, relate or clash" (Mullet 1995, p.75). 
In conclusion, icons are effective communication vehicles only if the clarity of the 
representation is achieved. The significance is, as Mullet explains, that "an essential aspect of 
visual imagery is the speed and directness with which recognition and identification take place. 
This critical advantage, however, is heavily dependent on the quality and familiarity of the 
image, as well as its appropriateness for the concept being represented" (Mullet 1995, p.203). 
Some functions have great potential to be visualized by images while some functions have the 
disadvantage of being represented by icons. Some tool bars attempt to provide icons for every 
function in the software, which may not be the most effective solution. Some invisible system 
functions can be interpreted by the users through vivid concrete, abstract, or metaphorical 
visual images, while some operation features can be comprehended effectively by words. The 
fact is that both images and words are means of communication. Under certain circumstances, 
one is more effective than the other. For instance, if an abstract concept or action does not 
possess any linkage to any concrete images, and it also cannot be communicated through an 
analogy or metaphor clearly, then perhaps, it may be communicated more effectively with 
words than images. On the other hand, if a message is naturally and directly connected with 
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certain concrete images, then it will be more intuitive to communicate with images than words. 
The choice of one or the other depends on usability. Yet, if a function is represented by an 
image, no matter if it is concrete, abstract, or metaphorical, the icon must not only be 
recognizable in structure, but also be clear as to what function it represents. Only when the 
connection between an icon and its function is clear to the users is the icon effective. Thus, 
clarity of representation is one of the essential criteria of icon designs. 
c. Simplicity of the Form 
Pictorial icons possess the communicative quality of immediacy, directness, and 
effectiveness if the images are recognizable and the messages are clear. In addition to the 
recognizability and clarity of the designs, simplicity of form plays a significant role in the 
effectiveness of the iconic communication in the electronic environment. Two major factors 
indicate that simplicity of the form is necessary and critical in icon design. The first and the 
most important aspect is that users' familiarity with the icons involves mental processes of 
detection, identification, and memory of the incoming information. The more complex the 
images are, the more difficult it is for the users to recognize, identify, and memorize the 
images. A simple form is composed with fewer number and variety of lines, curves and 
angles, thus, it is easily identified and remembered. The simplicity of the form eases the users' 
learning task. The second aspect is related to current capabilities and limitations of the 
electronic technology. Personal computer monitors have limited dimensions and screen 
resolutions. In order to free most of the screen space as working area, the instructions of the 
functions, such as the menu bar, the tool bar, or dialogue boxes have to be constrained within 
certain sizes. With a complex image in a small scale, the forms, lines and spaces may become 
unrecognizable due to the inappropriate spaces or scale. Only the simplest structure can retain 
its legibility in such limited dimensions. Thus, for tool icon designs, the features of simplicity 
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and complexity of the form are not merely an issue of aesthetic quality, but a criteria of 
usability and communicability directly related to the software functions, and are based upon 
scientific measurements. Various design principles apply to the design of simplicity. 
1. Mental Processes of Detection, 1dentification and Memory of Incoming Information 
Studies reveal that human perceptive process involves at least two basic stages: the 
detection and the identification of the incoming information. Each stage needs a given time for 
the process which is directly related to the nature of human memory (Reed 1973, p.1). Along 
with the processes of detection and identification, memory plays an active role in the process of 
perception. According to psychologist Donald Norman, memory "provides the information 
about the past necessary for proper understanding of the present" (Norman 1969, p.3). The 
major structural components associated with memory are "the sensory register, a short-term 
store and a long-term store" (Reed 1973, p.2). An image is detected by the sensory register 
first, then is transferred to and temporarily stored in short term memory. The perceived image 
in short-term memory is matched with existing experiences and knowledge to identify what the 
image is and what it suggests (Reed 1973, p.2). In Norman's view, "the sense organs provide 
us with a picture of the physical world. Our problem is to interpret the sensory information 
and extract its psychological content. To do this we need to process the incoming signals and 
interpret them on the basis of our experiences" (Norman 1969, p.3). The entire perceptive 
process involves short-term and long-term memory. 
Short-term and long-term memory each have its distinctive function and role. 
Psychologist Graham 1. Hitch defines the different characteristics between human short-term 
and long-term memory: "human memory as an information processing system contains 
separate short-term and long-term memory .. .Information that the user has to retain for intervals 
of up to about a minute will be classified as demanding short-term memory. Information that 
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has to be remembered longer than one minute demands long -tenn memory" (Hitch 1987, 
p.122). Human-computer interaction demands both short-tenn and long-term memory. 
However, during a common human-computer interaction, a lot of infonnation needs to be held 
in human short-term memory, such as the key functions, the word commands, and the tool 
icons. The important point is that human short-tenn memory has very limited capacity. Hitch 
indicates that human ability to remember the appearance of novel, unorganized visual patterns 
over the short-term is extremely limited, because "short tenn memory has a severely limited 
holding capacity and that infonnation in this store is rapidly forgotten unless maintained by 
active control process" (Hitch 1987, p.123). The capacity of short-tenn memory is 7±2 items. 
The significant relationship between short-tenn and long-tenn memory is that "short-term 
memory acts as a gateway to the more durable long-tenn store, which was thought to have a 
virtually unlimited capacity" (Hitch 1987, p.123). In other words, not every fragment or piece 
of infonnation captured in human short-tenn memory is processed into long-tenn memory. 
Norman points out that "the capacity of the human to deal with incoming infonnation is 
severely limited ... only a small portion of the incoming signal is selected for further processing" 
(Norman 1969, p.3). Since the icons are designed for effectiveness, the users need to respond 
to the tools instantly. Therefore, the perceptive process of identifying and memorizing the 
icons has to be so rapid that it only takes a few seconds. The simplicity of forms can make the 
users perceive, identify, and interpret the image fast and easily. 
Simple forms are preferred by the human brain. When perceiving an image, the sense 
organs operate to simplify the incoming image. According to psychologist Stephen Reed, "the 
perceptual system operates on efficient principles which structure patterns in a manner that 
minimizes their complexity" (Reed 1973, p.Sl). Any redundant or irrelevant details are 
removed from the incoming infonnation during the stages of detection and identification. 
Nonnan explains the feature of human perception: 
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The nervous system performs substantial alterations of the physical image received by 
the sense organs. These transformations extract information about color, enhance 
contours, determine size and direction of movement of visual images, extract the pitch 
and loudness of acoustical images, and determine the spatial and temporal relationships 
of visual and acoustical signals. These transformations are of great use to the nervous 
system because they simplify tremendously the information that must be transmitted to 
higher-level analyzing systems. This, in tern, simplifies the job of analyzing the 
sensory inputs. (Norman 1969, p.39) 
An image designed with unnecessary complexity can only increase the load of the perceptive 
process and slow down the speed of recognition. 
Researchers reveal that human beings have an accomplished ability to process incoming 
visual information in a very short period of time. The speeds vary depending upon the degree 
of the simplicity of the form. Under normal conditions, it only takes about 1 to 1.5 seconds 
for people to recognize an effective visual sign. Experiments by Granovskaya, Bereznaya, and 
Grigorleva (1987) demonstrate that "the time required for correct recognition of characters 
depends on their complexity and, under favorab1e conditions, varies from 1.52 to 1.79 
seconds" (Granovskaya 1987, p.1l3). The studies of traffic sign designs by the US 
Department of Transportation also reveal that "man can make simple decisions once every one-
half second ... A one-half second view is sufficient for him to take in all he needs to know to 
guide his action" (Seminar, US Department of Transportation 1969, p.14). Experiments also 
show that people can memorize simple forms more easily and quickly than complex forms. 
For example, Hitch uses long and short words to test people's memory, and shows that "short 
words are easier to be remembered than long words. People can recall a word which they can 
articulate in 1 to 1.5 seconds easily" (Hitch 1987, p.125). 
Short-term memory is quick, but with very limited capacity and durability. When one 
is trying to remember something, any interruption during the process of short-term memory 
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will cause a failure of identification and memorization of the incoming information. In Hitch's 
words, "a delay before recall from short-term memory, even a few seconds, may cause 
forgetting. Research shows that if the interval lasts about 20 seconds, rapid forgetting will 
happen" (Hitch 1987, p.126). While using icons, the users need to examine every detail of the 
image to identify what it is. The process of identification is a matching process, back and forth 
between the perceived image and the information in the users' existing experiences. The 
conclusion is not reached until every detail of the image goes through the matching process. If 
the figure is too complex, the details can be constantly forgotten during the matching process. 
Granovskaya, Bereznaya, and Grigorleva point out that "the more details a figure contains, the 
more complex it is and the greater the possibility that revealed elements may be forgotten or 
transformed in memory during the time between its perception and its recognition - and, 
consequently, the lesser is the possibility of its correct recognition" (Granovskaya 1987, 
p.145). Hitch's experiments reveal a similar phenomenon that a subject can only "maintain the 
detailed appearance of a single pattern for several seconds without losing information" (Hitch 
1987, p.127). A complex image, composed of layers of forms, forces the users' eyes to scan 
all the details. It makes the users spend a long time trying to figure out what the whole is. 
When the time exceeds the duration of short -term memory, in other words, if the users can not 
detect and identify the structure of the image in a few seconds, the users' short-term memory is 
exhausted and results in giving up the process. Therefore, for software icon designs, the more 
details contained in an image, the more fragments of information the users have to perceive; the 
longer the identifying process will be, and the less effective the icon is. 
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2. Limitations and Capabilities of the Computer Technology 
Simplicity of form as a criteria for icon design is not only critical to ease the users' 
cognitive process, but also necessary as based on the limitations and capabilities of the 
computer technology. Currently, the low resolution of personal computer displays, which 
ranges from black & white, 16 color, or 256 color, can only produce simple and bold image 
effects. The computers with millions of color display are not as popular as the low resolution 
ones, due to the technology and the cost. Certain forms and colors are still impossible to 
produce on the computer screen. The small size of computer monitors also puts constraints on 
the screen display. Since the major display area needs to be free for working, the tool icons 
have to be designed with limited pixels. Most of the tool icons are standardized with the 
dimensions of 20x20 or 32x32 pixels. A pixel is the smallest unit which can be visualized as a 
square dot. One can imagine that an image is rendered with only 20x20, or 32x32 square dots, 
including both positive and negative spaces within the amount of pixels. 
A complex image naturally needs more pixels. Positive forms meanwhile, demand 
more negative spaces. However, a pixel is not reducible in size. Therefore, what happens 
very often in icon design is that the positive elements, such as lines, curves, and areas are 
"secured" but the negative spaces are squeezed out. Some designers might think that so long 
as the positive elements remain, the structure of the figure is clearly presented. Yet, the fact is 
that a well designed figure needs not only positive forms to illustrate its structure but also 
negative spaces to define its proportion. When a figure's proportion is wrong due to the 
inappropriate negative spaces, the positive elements cluster together. Consequently, the image 
becomes unrecognizable. Granovskaya's (1987) experiment reveals that the rate of recognition 
of simple figures increases as their sizes increase, and recognition of complex figures increases 
as well along with the increasing of the sizes (Granovskaya 1987, p.114). The reason is 
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obvious. Along with increasing a figure's size, both the positive and negative shapes become 
enlarged and clearer. However, the fact is that the sizes of the tool icons cannot be increased. 
The limited number of pixels for rendering an icon is barely sufficient for a simple image, 
much less for elaborated and detailed image representations. A simple form has less 
interrelationships between positive and negative forms, and its formal identity can be displayed 
clearly within the limited dimensions. Thus, software icons with simple forms can achieve 
more effective communication than those with complex forms based upon the restrictions of the 
electronic media. 
3. Features of Simplicity and Complexity 
The degree of simplicity (or complexity) is determined by the components and the 
integrity of an image, which is not only an aesthetic value based upon people's feelings, but 
also by scientific definition based upon experiments of human perceptive psychology. An icon 
with simple or complex form affects the users' performance. Various cognitive experiments 
reveal the nature of human perception which closely and directly reflects the differences caused 
by simple or complex visual forms. The performance of the human perceptive process 
determines whether an icon is effective or not. 
Perception experiments reveal that simplicity or complexity of the form is determined 
by the quantity and characteristics of the components of an image and their integrity as a perfect 
whole. An iconic image is normally composed of various length and thickness of straight or 
curved lines, different sizes and shapes of dots. and diversity of angles. The more components 
an image has and the more variety of lines, curves, angles and dots an image contains, the 
more complex an image is. Granovskaya, Bereznaya, and Grigorleva (1987) define the feature 
of complexity as such: "complexity correlates to the quantity of revealed details" (Granovskaya 
1987, p.115), and "complexity. includes as a component the number of elements, such as the 
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number of sides, angles, or independent contour revolutions" (Granovskaya 1987, p.143). A 
complex image is more detailed and elaborated. It demands longer time for recognition. In 
contrast, simplicity is the state in which that all the redundant and decorative details of an image 
are removed. Only the essence of the structure which conveys the communicative message 
remains. 
The simplicity or complexity of an image is produced by the contour and the inner 
structure of an image. Research in human psychology reveals that the contour of a figure has a 
major impact on the degree of complexity of an image. Experiments by Granovskaya, 
Bereznaya, and Grigorleva indicate that "there is a direct correlation between a figure's contour 
complexity measure and the number of mistakes made in its recognition" (Granovskaya 1987, 
p.l07). According to their explanation, "recognition of simple and complex figures proceeds 
differently. Threshold of various perceptive stages (detection, distinguishing, recognition) are 
depended on the entropy of the objects' information capacity. The probability of figure 
recognition under observation time restriction decreases when its contour complexity is 
increased" (Granovskaya 1987, p.l13). The complexity ofthe contour is determined "by the 
degree of its contour curvature ... not only the number of elements in compound figures 
themselves, but also the number of elements in the combined elements' connections" 
(Granovskaya 1987, p.llS). Thus, contour complexity has three characteristics: the 
curvature, the number of curved intervals, and the bentness. 
The contour of an image affects perception significantly. A complex contour results in 
an ambiguous intertwining relationship with the background, which causes the users' difficulty 
in the perceptive process. It takes the users more time to separate figure from the ground of a 
complex image than it does to a simple image. Granovskaya, Bereznaya, and Grigorleva 
explain the issue that when an image is perceived, the "contour is segmented into a greater 
number of parts, the more points it contains where curvature exceeds the threshold value, that 
is, the more complex it is. The simpler the contour, the smaller is the number of intervals it 
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contains. Therefore, simpler figures having fewer elements upon which one's attention can be 
fixed, and are coded in our system faster than complex figures" (Granovskaya 1987, p.155). 
Similar opinions about the significance of contour simplicity are stated in Gestalt perceptive 
psychology as welL The Gestalt principle of continuity describes human "preference for 
continuous, unbroken contours with the simplest possible physical explanation, rather then 
more complex but equally plausible combinations of more irregular figures" (Mullet 1995, 
p.92). 
Besides contour simplicity, a figure's inner structure must be simple as well. 
Abstraction is one of the major aesthetic means to simplify a figure's structure. Abstraction is a 
process of induction and extraction. During the process, insignificant details are deleted; 
competing forms are unified; and, essential elements are enhanced. In Mullet's opinion, 
"Abstraction is the process by which the essential qualities of the thing being represented are 
separated from the actual physical object or event. By removing superficial or idiosyncratic 
details, the designer helps the viewer see the formal qualities that tie the representation to its 
object" (Mullet 1995, p.204). The process of abstraction is to employ meaningful curves, 
lines, dots, and angles with certain purposes. As a result, the figure as a whole is more 
succinct in style, distinctive for perception and clearer in meaning. However, the degrees of 
abstraction of a figure should be controlled and tested. Certain abstractions can simplify an 
image, but beyond a certain extent, the effect can disrupt recognition. Mullet expresses his 
concern in this regard: "A given sign representation can be characterized by its degree of 
abstraction ... As highly concrete, realistic representations are simplified, they become easier to 
interpret - up to a point beyond which further abstraction begins to obscure the sign's 
semantics" (Mullet 1995, p.174). 
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4. Design Principles for Image Simplicity 
Hierarchic arrangement of the components and purposeful reduction of the forms must 
be applied in software icon design to achieve the simplicity. Visual elements should be 
composed of a hierarchy with the most important components emphasized and the less 
important elements de-emphasized. The formal treatments, the variety and unity of the forms 
and colors, are aesthetic and communicative means to convey a variety of visual impacts 
ranging from the most explicit to the most implicit effects. Scale, contrast, and proportion are 
powerful design means as well. The manipulation of these elements can create not only a 
hierarchic scale of the composition but also astonishing aesthetic effects. Here, an important 
point regarding icon designs is that the icons are created for the usability of tools, not for the 
purpose of aesthetic entertainment. The icons must convey information directly, simply. and 
intuitively. In designer Mullet's words, "if proportion sets the rhythm of the display, then the 
scale of its components determines its forcefulness and their contrasts determines its 
excitability. These powerful elements must be used with care, particularly, in user interface 
design where the goal is rarely to shock, to arrest, or to persuade. Contrast must be clear 
enough to convey the intended distinctions, yet subtle enough to produce a harmonious relation 
between the elements in the display" (Mullet 1995, p.57). By manipUlating the variety and 
unity of the visual variables, such as the sizes, weights, values, shapes, positions and colors of 
the forms, an icon can achieve the designated communication purpose. A successful design 
only needs a few basic contrasts within the composition. Any excessive variation with the 
visual variables can cause the individual components to compete with each other rather than to 
compose a harmonious whole. If the important elements are not in the dominant scale while 
the secondary elements compete for attention, the information presented becomes chaotic and 
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ambiguous that causes the users difficulty in perception and recognition. Designer Mullet 
expresses his view on this regard: 
High quality images exhibit a spatial unity that ensures the parts work together to 
strengthen the whole instead of competing for the viewer's attention as independent 
elements. A well designed image never needs to be disassembled to be understood. 
When the parts of an image must be individually analyzed and then put back together to 
reach the proper interpretation, the perceptual immediacy of the image disappears 
completely. (Mullet 1995, p.192) 
If an icon is composed by several layers of diverse forms and shapes, and each detail is 
competing for the users' attention, the recognition process is arduous and the interpretation 
becomes difficult and inaccurate. 
In addition to the hierarchic arrangement of the elements, purposeful reduction of the 
forms should be carried through the design process. Designer Mullet points out that "reduction 
through successive refinement is the only path to simplicity. To create an elegant solution, any 
thing that is not essential to the communication task must be removed" (Mullet 1995, p.23). 
Reduction is the most fundamental design technique. According to Mullet, "perfection is 
finally attained not when there is no longer anything to add, but when there is no longer 
anything to take away" (Mullet 1995, p.17). As a visual image is refined by reduction, its 
structure and identity become more direct; thus, visual immediacy is enhanced by the simplicity 
of the form. Simple forms contain less details, are easier to process, recognize, and react to. 
For instance, the traffic sign designs of the US department of transportation demonstrate the 
effectiveness of the simplicity in iconic communication. In the traffic signs, all visual details of 
an object are removed, except the simplified elements which are essential to identify the object. 
As the results, the drivers can see, recognize, and respond to any of the traffic signs in a 
second. For software icon design, an image must be thoroughly examined for the purpose of 
communication. Mullet indicates that "image refinement depends on a continuous process of 
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simplification, removal of extraneous detail, and regularization of irregular elements" (Mullet 
1995, p.204). Too many details cause the image to cluster into an ambiguous pile of dots, 
lines, and angles which obscure the effect. Reduction is to remove the irrelevant details, 
decorative ornaments, and elaborated elements. The simpler the structure of an image, the 
stronger the communicative capability an icon possesses. Gestalt psychologists consider 
simplicity to be one of the important factors which contributes to a figure's "goodness," and a 
"good" figure is "memorized more accurately than 'bad' one" (Granovskaya 1987, p.115). 
The nature of human perceptive processes and the capability of computer technology 
both favor simple visual forms. Simplicity of the form possesses not only aesthetic value but 
also scientific significance. In designer Mullet's opinion, simplicity has several aesthetic and 
functional qualities which include approachability, recognizability, immediacy, and usability. 
He further explains his view: 
Approachability: simple designs can be rapidly apprehended and understood well 
enough to support immediate use or invite further exploration ... Recognizability: simple 
designs can be recognized more easily than their more elaborate counterparts ... 
Immediacy: Simple designs have a greater impact than complex designs, since they 
demand a minimum of conscious effort ... Usability: simple designs eliminate 
unnecessary details, which make the forms more prominent and informative. (Mullet 
1995, p.19) 
Mullet's description of the quality of simplicity can be used to define the significance of 
simplicity as a criteria for software icon design. Simplicity of the form strengthens the 
communication capability of the tool icons. 
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D. Distinctiveness of the Characteristics 
Software tool icons are normally displayed side by side in a tool palette or a tool bar. 
Due to space limitation, there are no extra spaces between each icon. A tool palette or a tool bar 
usually contains approximately ten to thirty, or even more, individual icons. Those who use a 
particular software daily might be able to remember the exact location of every icon and need 
not to look at the image while clicking (as subconsciously as a pianist plays a piano). Yet, 
most of the users have to search rapidly through the tool palette and differentiate a specific icon 
from the rest of the images. Effective performance takes one or two seconds to find a targeted 
icon. If the time for distinguishing an icon from the tool bar is longer than the time for using 
the word command from the pull-down menu, the users may give up using the icons. In order 
to enable the users to rapidly differentiate an individual icon from the pool, each icon must be 
designed with certain distinctive characteristics. Distinctiveness of the characteristics directly 
influences human perceptive processes which includes image scanning and differentiating, 
remembering and recalling. Thus, distinctiveness of the characteristics is an important criteria 
for software tool icon designs. Distinctiveness here refers to the consideration of cultural 
context, selection of perceptions, view points, and the depiction of the contour and the 
structures of the images. It does not mean the creation of images with a variety of stylistics 
within one set of icons, because the diversity of styles within one set of icons can confuse the 
viewers and obscure communication. In other words, one set of icons must have one unified 
style, but each icon must have its distinctive forms. 
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1. Human Image Scanning and Differentiating 
Human beings rely on certain distinctive features to differentiate objects of the world. 
There are thousands of signs and symbols displayed in the non-electronic environment, but 
hardly as concentrated as in situations on computer screens. Besides, the features of human 
living environments naturally provide the context of a sign which assists people in scanning 
and identifying the sign or symbol. For example, a big sign of a cup and a spoon displayed 
outside a store naturally leads people to think the store is a coffee shop. But if the same sign 
appears beside a garbage can, people regard the sign as a piece of garbage. In other words, the 
environments become extensions of the visual characteristics which enhance the features and 
meanings of the signs. However, in the electronic environment, computer monitors are more 
or less alike. A computer does not offer any visual cue for the context of an icon. Various 
icons are all displayed side by side. One does not offer context for the other as the way the 
slore or garbage does to the cup sign. An icon can only reveal its existence and explain its 
meaning by its own characteristics. To make an icon "speak" for itself, the image must stand 
out from the crowd. In order to let an image stand out, the characteristics of the image must be 
exaggerated and enhanced to a certain extent such that an individual one can be distinguished 
immediately. 
Human image scanning processes take time. The human eyes can only focus on one 
item at a time and scan images sequentially. The scanning process involves searching for target 
images. One or more rows of icons displayed side by side compete for attention. The more 
images in the display, the more chance for confusion, and thus, the more difficult the 
judgment, since the users have to distinguish one icon from the others. A group of images 
requires users to differentiate one image from the rest of the group. Distinctive features help 
the users to scan the images rapidly and find the target icon easily. The more distinctive an 
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individual icon, the faster the speed of scanning. Psychologist Reed points out that "the 
number of differing features proved to be a highly significant variable, since the greater the 
number of differing features, the faster the viewers scans (the images)" (Reed 1973, p.62). 
Human beings scan images very rapidly, but only one by one in sequential. For example, 
English letters are among the most commonly familiar and distinctive visual images for people 
in the English-speaking environment. Reed's (1973) experiments with letters show that 
subjects scan "one item at a time, requiring 10 msec to recognize an English letter" (Reed 1973, 
p.97). Studies show that the more distinctive the features, the faster the response time is. The 
more similar the images are, the longer the time needed to respond. For instance, experiments 
by Gibson, Schapiro, and Yonas (1968) reveal that the amount of time needed to respond to 
pairs of different letters varies widely. It takes average adults 458 msec to respond that letters 
"GW" are different, compared to 571 msec to respond that "PR" are different letters (Reed 
1973, p.17). In Norman's view, "representations that match our perceptual capabilities are 
simpler and easier to use than those that require reflection. Moreover, under a heavy work 
load, representations that require reflection ... are not used as rapidly and efficiently as those that 
can be used experientially, through simple perceptual comparisons" (Norman 1993, p.74). 
One can imagine that it takes time to scan ten to thirty iconic images frequently during a normal 
human-computer interaction, even if the icons are created with excellent visual forms. If the 
icons are designed with weak distinction, to scan a tool palette of thirty icons or more become a 
"time consuming" task. 
Human beings detect images through the extraction of lines, angles, and colors. 
Psychologist Haber (1971) indicates that there are two levels of feature extraction at the initial 
stage of perceptive process: physiological and cognitive level. He explains that "when a visual 
stimulus is briefly exposed, feature detectors ... extract information about lines, angles, 
orientations, velocities, color, and retinal disparity. The features are extracted very rapidly and 
in parallel, since information comes from each receptive field at the same time ... the perceptual 
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stimulus is initially represented physiologically as an unorganized collection of primitive 
features of the visual array" (Reed 1973, p.89). After the initial detection of the visual forms, 
the information coded enters the second level, which is the cognitive level. According to Haber 
(1971), "feature extraction at the cognitive level is assumed to be an active process that is 
greatly influenced by prior experience, expectancies, and the familiarity of the stimuli" (Reed 
1973, p.89). Here, the significance of figure distinction is that it enables not only the detection 
at the first physiological level to be rapid and easy for the scanning process, but also the 
recognition at the second cognitive level to be fast and effective for the memorizing and 
recalling processes. 
2. Human Image Remembering and Recalling 
Icons with distinctiveness can be remembered and recalled fast and easily; icons 
lacking distinctiveness can cause user mistakes, slow performance, andlor be forgotten. 
Human perceptive processes link us to memory. In his experiments, Reed (1973) reveals that 
"as soon as enough information has been obtained from the display to recognize any of its 
elements, the name of that elements is transferred to a short-term memory to store" (Reed 
1973, p.97). Human memorizing effects are affected by the feature of the information 
presented and influenced by the circumstances during the memorizing process. Cognitive 
psychologists categorize human memory in two ways. One is called episodic memory while 
the other is semantic memory. According to psychologist Hitch's definitions, episodic 
memory is the remembering of words, sentences, stories or pictures in relation to a certain 
situation or event. Semantic memory, or commonly known as "knowledge", is the 
remembering of the meanings of words and their interaction (Hitch 1987, P 135). 
Episodic memory is relatively subconscious, since the information is remembered in a 
way that it is embedded with specially strong stimuli produced by the situation in which the 
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information is presented. For example, unusual colors, shapes, tastes, smell, sound, 
experiences and events can make the involved information easy to be remembered and recalled. 
In contrast, semantic memory involves consciously logical thinking, repeating and reviewing 
the information, such as learning a foreign language. Thus, to create the distinctiveness of the 
characteristics in icon design is to produce certain unusual visual stimuli which make the icon 
easy to remember and recall. Hitch explains that "one of the most important determinants of 
the probability of remembering an item one has stored in memory is the 'work' or 'processing' 
one performs on that stimulus at the time of entering it into memory" (Hitch 1987, p.136). If 
the shape of each icon possesses distinguishable features which make it "stand alone", the 
users can memorize and recall the icons better. Mullet indicates that "iconic signs fulfill the 
representation function by calling to mind one or more essential characteristics of the sign 
object. Effective characterization requires a focus on these distinctive features" (Mullet 1995, 
p.185). 
Distinctiveness not only accelerates memory, but also benefits recall. Experiments 
reveal that people can organize information for storage in memory efficiently, but only limited 
numbers of items can be retrieved from memory at one time. The time between learning or 
storing something in memory and attempting to find it again in memory can significantly 
influence the users' performance. Hitch points out: ''The more distinctive an item is, in 
memory, the greater the probability of recall (it stands out among other contents of memory y' 
(Hitch 1987, p.141). Reed also indicates that "perceptual learning occurs by the discovery and 
discrimination of stimulus features and not by the attachment of associations" (Reed 1973, 
p.32). An icon designed with distinctiveness produces stronger impact on the users' memory 
and enhances the learning process. A group of icons lacking strong distinctiveness poses 
difficulties to users in terms of figure differentiation, memory, and recall. 
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3. Context, Perceptions and View Points 
Distinctiveness does not suggest that each icon should be designed with a different 
style, and be totally incompatible with each other in a set. Distinctiveness and similarity are 
relative. In a set of icons, there is unity and harmony. Certain extremes can also obscure 
memory. Hitch explains that the effectiveness of any given cue depends on "how similar the 
items in memory were-too similar, and retrieval may be impaired because the items are so 
easily confusible and indistinct; too dissimilar, and each item may have to be retrieved 
independently" (Hitch 1987, p.144). He further points out that "distinctiveness is an inverse 
function of the degree of similarity between an item and all other items associated with it in a 
given episode stored in memory" (Hitch 1987, p.160). In the discussion of the criteria in this 
thesis, distinctiveness of icons is related to the depiction of unique formal structures, not to the 
diversity of stylistics within the same set of icons. 
The distinctiveness of characteristics is determined by careful consideration of the 
cultural context, selection of perceptions and view points. First, the cultural context of certain 
images should be taken into account in icon designs. When designing an icon of an object or 
an abstract action, various possibilities of perceptions should be explored, compared, and 
selected. The variety of perceptions are usually associated with a given cultural background, 
social customs, the normal viewpoint of certain objects and actions. A certain viewpoint might 
be familiar to a particular group or culture but alien to another. An icon of a bridge can 
demonstrate that peoples' perceptions are influenced by certain cultural context. For example, 
an icon of a bridge depicted with only the span and the guardrails without the piers is 
understood as a symbol of a bridge by Americans, but with only the span and the piers without 
the guardrails is recognized as a sign of a bridge by people in China. Designer Mullet 
emphasizes that "when developing multiple images, care must be taken to maintain cohesion 
47 
within the image set and to consider the physical, conceptual, and cultural context in which the 
images will ultimately be displayed" (Mullet 1995, p.175). 
Second, besides the considerations of the cultural context, human perceptual nature is 
also significant to the design concept. Human orientations of images are rooted in everyday 
experiences. Through conscious or subconscious observations of the real world, mental 
models are formed. One aspect in the real world, directly relating to people's orientation of the 
icons, is the spatial and proportional relationships of images. The icons developed through the 
extraction and exaggeration of the characteristics of the real world tend to resemble the reality 
more vividly, and thus, are easier to be recognized. The icons created through the designers' 
subjective imaginations, especially with spatial and proportional distortions, are difficult to 
recognize, since they are not associated with most people's existing experiences. Norman 
indicates that "we humans are spatial animals, very dependent upon perceptual information. 
Representations that make use of spatial and perceptual relationships allow us to make efficient 
use of our perceptual systems, to think experientially. Representations that use arbitrary 
symbols require mental transformations, mental comparisons, and other mental processes. 
These cause us to think reflectively, and although in many cases this is appropriate and 
necessary, it is more difficult than experiential cognition. It is also subject to error, especially 
when people are under high stress" (Norman 1993, p.72). Designer Mullet stresses that 
"Effective characterization depends critically on selecting a point of view from which the 
characteristics being represented are clearly visible" (Mullet 1995, p. 185). 
Third, the point of view of an object affects the communication effect significantly. For 
example, illustrations of an absolute bird's-eye view, a frontal view, and a forty-five degree 
profile view of a table communicate entirely different effects to the viewers. It can be predicted 
that the absolute bird's-eye view of a table does not communicate well even though a table 
surface is the most significant part of the object. The bird's-eye view of the table surface is a 
square, a rectangle, or a circle depending on the shapes of the table. Though theoretically the 
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depiction is correct, in reality, people hardly view a table from the absolute bird's-eye 
viewpoint. In the real living environment. or a realistic photograph, people still can identify 
such a table surface if the surrounding objects, such as the chairs and the carpet, are presented 
as extensions of the context to define the table. However, if the bird's-eye view of the table 
surface is selected and depicted as an icon while the surrounding objects are removed from the 
composition, people will have a hard time identifying it as a table, since the icon is only a 
rectangle, square, or circle which does not lead the users to the interpretation of a table but a 
geometric shape that can mean anything. In most icon designs, the object is detached from its 
own environmental context. Thus, a viewpoint of an object which produces ambiguity and 
leads to multiple interpretations is ineffective in iconic communication. Mullet stresses that in 
icon designs, "effective characterization depends on choosing the right point of view. 
eliminating non~haracteristic details, and exaggeration of defining features" (Mullet 1995, 
p.186). He further points out that "the viewpoint chosen should from the points that are seen 
most frequently in the viewer's everyday experience. This strategy allows the image set to 
exploit the viewer's familiarity with a particular characteristic viewpoint" (Mullet 1995, p.187). 
To select a viewpoint which is most familiar to most of the people is very important, since it 
determines which aspects of the image need to be exaggerated and enhanced. From certain 
vantage points, an object can be characterized vividly and communicate effectively while from 
some other viewpoints, the object can become unrecognizable. 
4. Rending of Visual Forms 
Once perception of an image is made, the manipulation of the forms is important. 
Varlous horizontal, vertical lines, curves, and angles are elements to compose and enhance the 
distinction of an image. Different images should not have the same set of features. Effective 
characterization requires emphasis of the distinctive characteristics of each object. As Reed 
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says, "we must define various relations and composition rules which specify how the features 
are related to each other" (Reed 1973, p.44). One of the most important aspects contributing to 
the figure distinctiveness is the figure-ground relationship. In an icon composition, the figure 
refers to the positive forms, such as the lines, dots and shapes; the ground means the void 
spaces. In graphic design, professional people also refer to the figure as the positive space and 
the background as the negative space. The figures are easily regarded as the only elements of a 
composition. However, this is a misconception. An image is not only constructed by positive 
forms, but also meanwhile defined by its background. Perceptive experiments by 
Granovskaya, Bereznaya, and Grigorleva (1987) demonstrate that "the character of recognition 
is known to depend both on objective form signs of a model figure and on the properties of a 
background ... by varying the background properties one could control the reliability of 
recognition and either facilitate or complicate the process" (Granovskaya 1987, p.32). Their 
experiments not only prove that the figure-ground relationship affects image recognition, but 
also show that human beings actually perceive background first. They point out that 
"experiments have found that a background is perceived by a person earlier and longer than a 
figure. Since a background is examined before a figure and, as stated above, a figure is 
repeatedly mapped with its background during analysis" (Granovskaya 1987, p.50) Thus, the 
figure-ground relationship in image designs not only is an aesthetic issue but also has cognitive 
significance. 
To manipulate the forms of the figure and its background is an essential design skill. 
This skill is especially significant in icon designs, since the limited sizes of the icon demand the 
images to be simplified to extremes such that only the "skeleton" and its void spaces are left. 
People identify a targeted icon from the pool based upon a rapid scanning of the differences 
between the "skeletons" and their void spaces, not on close examination of each icon's figure 
details. Therefore, in order to make each icon distinctive, the figure-ground relationship of 
each icon must be created with care. In other words, a similar figure-ground relationship 
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should not appear on more than one icon composition in a set of icons. Designer Mullet 
explains, "to ensure the impression of a single unified design, the perceptual qualities of the 
figure-the primary formal element-must be carefully matched to those of its ground-the visual 
context within which the figure appears. The symbolic relationship between figure and ground 
is apparent in all effective designs. We recognize forms on the basis of their outer contours, 
which become apparent by virtue of their contrast. .. When properly integrated, these internal 
and external forms complement one another" (Mullet 1995, p.85). The traffic sign designs 
demonstrate the successful applications of the perceptive theories and the design principles. 
The emphasis here is that both the positive forms and the negative background are essential 
components of an image. To achieve the effectiveness of sign communication, "every effort 
should be made to ascertain that the symbol elements that are most important to the symbol 
interpretation are prominently displayed in the symbol composition" (Federal Highway 
Administration 1977, p.65). 
In the situations of intense and concentrated usage of iconic communication as in the 
human-computer interfaces, the distinctiveness of icon affects the effectiveness of the users' 
performance. The more distinctive an icon is, the faster and easier the processes of scanning, 
differentiating, memorizing, and recalling of an image are. Thus, the more distinctive an image 
is, the more effective the icon is. Mullet expresses that "visual representations that characterize 
their objects effectively can do much to add interest and vitality to the human-computer 
interface" (Mullet 1995, p.187). Distinctiveness of the characteristics is an important criteria 
for icon design. Icons lacking distinction are difficult to differentiate from the icon pool, and 
hard to remember and recall by the users. However, distinctiveness here does not suggest that 
a variety of stylistics apply to one set of icons. The diversity of styles of images in one set can 
cause visual chaos and obscure the users' performance. ''The elements in the design must be 
unified to produce a coherent whole, the parts (as well as the whole) must be refined to focus 
the viewer's attention on their essential aspects, and the fitness of solution to the 
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communication problem must be ensured at every level" (Mullet 1995, p.19). The 
distinctiveness emphasized here refers to the common perceptions in a given culture, the most 
familiar viewpoint of an object, the exaggerations of the characteristics, and the careful 
rendering of the figure-ground relationships. In brief words, the distinction of the 
characteristics enables an image to be identified at a rapid glance. 
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CHAPTER 3 - METHODOLOGY OF THE USER TEST 
A. Purpose 
In order to evaluate the effectiveness or ineffectiveness of the sample icons based upon 
the analysis of the criteria in Chapter 2, a user test is employed. The purpose of involving real 
users is to obtain objective data of the effectiveness of icon designs. Since iconic 
communication is for public consumption, it is an appropriate and necessary way to examine 
the compatibility between the icon images and the users' mental models. The icons which can 
be interpreted correctly by the users are considered effective. while the ones that can not be 
understood by the users are considered ineffective. Users' experiences with computers and 
their familiarity with the sample interfaces will be examined in relation to the test results. It is 
predicted that the results of the tests will reveal the effectiveness and ineffectiveness of the 
icons. For the purpose of this research, the statistical standards for the evaluation of the icon 
designs are set in such a manner that icons which are correctly interpreted by more than 70% of 
the users are considered highly effective, while those interpreted correctly by less than 35% of 
the users are highly ineffective. 
Two basic methods are used for the current tests. The fIrst one asks the subjects to 
identify the function of each icon based on the subjects' intuition; they then fIll in their 
interpretations of each icon. The purpose is to collect data that reflect the users' mental models. 
The second is to ask users to match icons with functions from a list which contains both the 
correct answers and potential misinterpretations. The purpose is to see the effectiveness of the 
connection between an icon and its function, and to identify the icons which suggest multiple 
mental models and thus confusion. 
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1n general, the user tests are designed and conducted to test the compatibility between 
the icons and the users' mental models. Recognizability of an image, clarity of a 
representation, simplicity of a form, and distinctiveness of the characteristics are the 
fundamental criteria for a tool icon design. The icons will be examined with these criteria 
through the analysis of the user testing data. 
B. Test Materials 
There is one questionnaire and four icon test sheets designed for user testing. The 
simple questionnaire is used to obtain information about the users' professional background, 
years of experience with computers, and familiarity with the two interfaces tested: Microsoft 
Word and Adobe Photoshop. The data collected from the questionnaire will be evaluated to see 
if there is any relationships between computer experiences, major fields, and the effectiveness 
of the icons. 
Four icon test sheets utilizing tool icons selected from Microsoft Word and Adobe 
Photoshop software are made for the experiment. Microsoft Word is a relatively popular 
interface for handling projects from quick memos to major manuscripts, and this interface has 
many tool icons. People from various professional fields use this software. On the other 
hand, Adobe Photoshop is an interface for professional graphic designers and photo editors for 
photograph editing, drawings and paintings. The icon designs in Adobe Photoshop employ a 
broad range of representation methodologies which include both realistic and abstract 
illustrations, various visual metaphors and analogies. It has an interesting set of icons to test 
the appropriateness of metaphors in relationship to the users' cultural background, existing 
experiences and cognitive process. 
The four test sheets are designed with two testing methods: fill in the blank of each icon 
with the users' own interpretation, and matching an icon with a function from a provided list. 
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The provided list of functions contains more options than those are needed. Some of the 
predicted misinterpretations are also included in the list. Both the sets of icons from Microsoft 
Word and from Adobe Photoshop are tested. However, the two test methods are given to 
different subjects. In other words, the subject who fills in his or her own interpretations of the 
functions of the icons will not do the matching test, since the subject may be contaminated by 
his or her opinions on one test or the other. 
c. Subjects 
The subjects of the user tests are 100 college students, ranging from freshman year to 
doctorate degree candidates, and from a variety of majors. The subjects also include both 
experienced and inexperienced users of computers, and participants are volunteer. The 
purpose of the tests, which is to evaluate the usability and the friendliness of the icons not the 
users' skill of computers, is explained to the subjects before they decide whether they will 
participate in the tests or not. 
D. Procedure 
Instructions of the test procedure are given to all subjects before testing. This 
information ensures that the participants understand that participation is completely voluntary; 
they may participate and withdraw from the experiment at any time. The explanations also 
stress that the purpose of the test is to study the usability of computer software tool bar icons. 
The test is designed to analyze whether the icons are effective and friendly to the inexperienced 
and experienced users, and is not to evaluate a subject's skill or experience in using computer 
and the interfaces. Data from the tests are confidential. Instruction informs the subjects to 
complete the test by filling in the blanks with their interpretations and ideas about the meanings 
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of the icons. The participants are also informed that the test takes approximately 30 - 45 
minutes. 
The subjects are required to answer the questionnaire fIrst. The questions are about 
computer experience, the frequency of the usage, such as daily, weekly, monthly or yearly, 
and the familiarity with Microsoft Word and Adobe Photoshop. 
Two tests, one for Microsoft Word icons and the other for Adobe Photoshop icons, ask 
the users to ftll in the users' interpretations of the functions represented by the icons. The 
purpose is to fInd out the most intuitive and effective icons, and also to obtain the information 
of the users' mental models. 
The other two tests ask the users to match the icons with the functions from the 
provided list. The purpose is to fInd out the appropriateness of the icons in relationship to their 
functions being represented, and the possibilities of misinterpretations which can lead to 
mismatching. 
The testing results will be statistically collected and compared. The data will be used 
for the analysis in Chapter 4, Analysis of the Test Results. 
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CHAPTER 4 - ANALYSIS OF THE TEST RESULTS 
There were 51 icons selected from Microsoft Word and 26 icons selected from Adobe 
Photoshop for the user tests. Icons correctly interpreted by more than 70% of the users were 
considered effective; the icons which cause more than 65% mistakes were considered as 
ineffective. The user tests reveal that 20 icons were effective and 17 icons were ineffective for 
Microsoft Word; 6 icons were effective and 13 icons were ineffective for Adobe Photoshop. 
The icons misinterpreted by 31 % to 64% of the users were considered as in the middle range. 
Several icons in this range will be analyzed while the majority in this group will not be 
discussed, since the effectiveness or ineffectiveness of these icons needs to be further tested 
with a larger group of users. 
The analysis of the effectiveness and ineffectiveness of the icons will be based upon 
statistical inference, along with the four criteria discussed in Chapter 2 which are 
recognizability of an image, clarity of a representation, simplicity of the form and 
distinctiveness of the characteristics. The effective and ineffective icons will be analyzed 
separately. However, comparisons and contrasts between certain icons will be involved as 
well. The following three sections, Statistical Significance, Analysis of the Effective Icons, 
and Analysis of the Ineffective Icons, will present the details of the evaluation. 
A. Statistical Significance 
One hundred subjects from 58 majors participated in the user tests. The broadness of 
the major fields enables the data obtained to be less biased regarding the subjects' professional 
knowledge or computer habits. The data of subjects' majors, experiences with a computer and 
each subject's number of mistakes in identifying the icons are presented in Table L 
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Table 1. User Test Result - Subjects' experiences with computer and icons 
Subject's Major Years of Years of Mistakes! Years of Mlstakesl 
computer Microsoft Word Word Icons Photoshop Photoshop Icons 
Accounting 5 1 19/51 0 18126 
Accounting 10 8 14151 0 16/26 
Accounting 4 1 
= 
20/51 0 20/26 
Aerospace Engineering 6 t 5 21/51 0 18126 
Aerospace Engineering 7 5 15/51 0 16/26 
Agriculture Business 5 5 34/51 18/26 
Agriculture Business 3 2 31/51 0 15/26 
Animal Ecology 9 5 23/51 0 16126 
Anthropology 2 2 25/51 0 13/26 
Architecture 8 1 24/51 0 12126 
Architecture 10 4 32151 1 4/26 
Art and Design 8 2 25151 1 7/26 
Art 3 3 19/51 ') 3126 
Art 2 1 18/51 0 17/26 
Business 4 2 24151 0 15/26 
Business 4 1 28/51 0 8126 
Business 6 2 21/51 0 16126 
Business 6 2 15/51 0 18/26 
Business 4 1 25/51 0 11/26 
Business 7 2 24151 0 21/26 
Business 3 3 27/51 0 18126 
~ngineering 5 4 13/51 0 12126 
uter Enaineerina 10 4 0 I 10/26 
Computer Enaineerina 10 2 12151 0 12126 
Computer Enoineering 2 2 19/51 0 6126 
Computer Science 5 5 20/51 0 15126 
Computer science 4 4 33/51 2 10/26 
Computer Science 6 3 26/51 1 9126 
Construction Engineering 3 3 29/51 0 10/26 
Counseling 4 1 38151 0 21/26 
Counselor Education 8 2 33151 0 16126 
Criminal Justice 3 1 34/51 1 20/26 
Dairy Science 10 3 13/51 0 9/26 
Dietetics 8 6 30/51 0 18/26 
Earth Science 6 2 38151 0 9/26 
Economics 5 1 24/51 0 15/26 
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. Table 1. (Continued) 
Subject's Major Years of Years of Mistakesl Years of Mistakes! 
computer Microsoft Word Word Icons Photoshop Photoshop Icons 
Economics 2 1 21/51 0 18/26 
Education 3 2 17/51 0 14/26 
Electrical Engineering 10 5 26/51 0 15/26 
Electrical Engineering 8 3 25/51 0 9126 
Electrical Engineering 3 3 31/51 0 19/26 
Elementary Education 10 2 25/51 1 19/26 
Elementary Education 6 3 24/51 0 17/26 
Elementary Education 8 1 16151 1 13/26 
English 2 1 20/51 0 19/26 
English 10 2 27/51 0 9126 
Exercise Science 8 4 30/51 0 14/26 
Exercise Science 4 2 31/51 1 15/26 
Exercise Science 2 2 18/51 0 18/26 
Exercise Science 5 2 26/51 0 12126 
Fashion Merchandising 6 2 20/51 0 12126 
Rnance 1 1 20/51 0 18/26 
Forestry 5 3 35151 0 21/26 
Genetics 4 2 26/51 0 10/26 
Graphic Design 5 3 23/51 4 7126 
Graphic Design 5 2 18/51 1 11/26 
Health Human Performance 10 6 22/51 2 9/26 
History 10 3 22151 0 13/26 
H.R.I. Management 1 1 22151 1 17/26 
H. R. I. Management 8 0 24/51 0 13/26 
Industrial Engineering 4 2 16/51 0 15/26 
Landscape Architecture 9 3 20/51 1 20/26 
Management Infor. Systems 2 1 23/51 0 14/26 
Management Infor. Systems 3 2 16/51 0 8126 
Management Infor. Systems 5 2 18/51 1 12126 
Marketing Management 8 1 13/51 0 17126 
Math 15 15 37/51 0 22126 
Math 15 0 31/51 0 20126 
Meteorology 8 3 32151 0 21/26 
Mechanical Engineering 15 5 24/51 0 13/26 
Mechanical Engineering 8 8 12151 0 18/26 
Mechanical Engineering 8 7 30/51 0 21/26 
Mechanical Engineering 6 5 11/51 0 9126 
Metallurgical Engineering 5 5 17/51 0 18/26 
Microbiology 7 3 35/51 0 9126 
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,Table 1. (Continued) 
Subject's Major Years of Years of Mistakes! Years of Mistakes/ 
computer Microsoft Word Word Icons Photos hop Photos hop Icons 
Music Education 10 1 22151 0 18/26 
Nursing 3 1 20/51 0 16/26 
Occupational Safety 6 3 20/51 0 16/26 
Political Science 2 1 35/51 0 20/26 
Pre-architecture 8 1 31/51 0 9/26 
Pre-business 10 5 28/51 0 9/26 
Pre-business 3 2 14/51 0 17/26 
Pre-business 15 1 13/51 0 13/26 
Pre-health Profession 4 2 25/51 0 18/26 
Pre-Mechanical Engineering 10 4 21/51 0 15/26 
Pre-physical Therapy 8 4 21/51 0 16/26 
Public Service Administration 5 2 18/51 0 16/26 
Pre-mechanical Engineering 6 2 21/51 0 20/26 
Pre-veterinary Medicine 3 1 25/51 0 15/26 
Psychology 1 1 33/51 0 12126 
Psychology 2 1 27/51 0 18/26 
Psychology 4 2 13/51 0 18/26 
Psychology 7 5 24/51 0 10/26 
Psychology 8 5 32151 1 11/26 
Psychology 7 4 21/51 0 17/26 
Physics 10 3 18/51 0 7/26 
Sociology 4 2 10/51 0 24/26 
Statistics 10 0 29/51 0 21/26 
Veterinarian 1 1 41/51 0 12126 
Vet-pathology 1 1 43/51 0 12126 
The data collected from the user tests show that 100% of the subjects have experiences 
with a computer, 97% of the subjects have experiences with Microsoft Word, and 16% of the 
subjects have experiences with Adobe Photoshop. Some software designers believe that the 
effectiveness of icons depends on the users' years of experience with the software, therefore, 
the visual solution of the icon design is not an issue of communication. Thus, in order to 
evaluate the effectiveness of the icon designs, how the users' experiences with a computer or 
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the involved software affect their familiarity with the icons will be evaluated first, and are 
separated from the quality of the icon designs per se. 
The correlation between the subjects' years of computer experience and their errors, 
and between the subjects' years of using either software and their understandings of the icons 
were both evaluated. A correlation indicates whether an X variable relates to a Y variable. The 
result is a number between 1 and -1. Regarding the icons tested here, the X variable represents 
the subjects' years of experiences in using a computer (or using a software) while the Y 
variable represents the number of mistakes made. In the table (see Figure 1-4), a dot 
represents each subject's years of experience and the number of mistake. For example, if a set 
of data contains 100 subjects, the years of computer experience (X) and their mistakes (Y), the 
chart will show 100 dots. If it is true that the more years of experience one has, the less 
mistakes one makes, then the dots collected will show a pattern descending to the right. The 
number will be a negative number to a maximum to -1. The closer to -1 the number is, the 
more significant the negative correlation. On the other hand, if it is true that the more years of 
experience one has, the more mistakes one makes, the dots will show a pattern of rising up to 
the right. This statistic would be a positive number to a maximum of 1. The closer to 1, the 
stronger the positive correlation. However, if the collected dots are scattered, showing neither 
linear pattern, the resultant correlation coefficient will be near zero. The interpretation of a 
value near 0 is that there is no significant relationship between the subjects' years of experience 
and their mistakes. 
The P-Value of the correlation is also revealed through statistics. A P-Value is the 
probability of a chance relationship. Many behavioral scientists accept the 0.05 levei of 
significance as a "critical demarcation point" for "deciding whether or not to reject the null 
hypothesis" (Rosnow 1996, p.254). If the P-Value is larger than 0.05, the correlation is 51100 
times likely to be caused by chance. If the P-Value is less than 0.05, the correlation has 
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significance, because it means that the observed relationship between X and Y is likely to be 
caused by chance less 511 00 times. 
The result of the correlation between the subjects' years of computer experience and 
their misinterpretations of Microsoft Word icons is -0.0755 (see Figure 1). The P-value is 
0.455. Thus, it can be concluded that there is no significant relationship between the subjects' 
general computer experience and their performance with the icons. The correlation between the 
subjects' years of experiences of using Microsoft Word and their misinterpretations of the 
icons is 0.006 (see Figure 2). The P value is 0.952. Again, the result reveals that there is no 
significant relationship between the subjects' experiences with Microsoft Word and the 
meaningfulness of the icons in the software. However, examining the data, one can see that 
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Figure 1. Subjects' years of using a computer and their mistakes of Microsoft Word icons. 
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Figure 2. Subjects' years of Microsoft Word and their mistakes of Microsoft Word icons. 
even some experienced subjects, using Microsoft Word for 8 to 15 years, do not know the 
functions of certain icons. On the other hand, some subjects have used the software for only 1 
to 2 years, and have fewer misinterpretations than the ones who have more years of 
experience. The tests reveal that the users' familiarity with all the icons does not increase with 
the amount of time they spend using the software. Perhaps users only learn the icons which 
are intuitive to them at first glance and acquire such knowledge only at the initial stage when 
first encountering the software. They do not acquire the meanings of the non-intuitive and 
ambiguous icons. Rather, they perhaps use the pull down menu, and ignore the enigmatic 
icons, or perhaps never use certain functions at all. 
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Figure 4. Subjects' years of Photos hop and their mistakes of Adobe Photoshop icons. 
Statistical evaluation (see Figure 3) shows that the correlation between the subjects' 
general computer experiences and their mistakes of Photoshop icons is -0.0493. The P value 
is 0.627. Therefore, the interpretation is that there is little significance between the subjects 
computer experiences and the effectiveness of the photoshop icons. However, the statistics 
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(see Figure 4) show a significant correlation between the subjects' years of using Adobe 
Photoshop and their familiarity with the icons (r = -0.3394, P value is 0.001). This result 
reveals that there is significant correlation between the subjects' familiarity with Adobe 
Photoshop and their familiarity with the icons from the software. In other words, the more 
years of experience with Photos hop a subject has, the less mistakes at identifying these icons. 
On the other hand, eighty-four subjects have never used Adobe Photoshop and their majors are 
neither in art nor graphic design, yet they correctly interpret the functions of certain icons in 
Adobe Photoshop. This suggests that well designed icons can communicate effectively with 
both experienced and inexperienced users alike. 
The statistics show there is significant correlation between the subjects' experiences of 
using Adobe Photoshop and their mistakes. However, a further step in verifying whether there 
is a third variable influencing both the X and Y variables is needed. The prediction is that 
Photoshop is a design tool for art and design professionals; therefore, the subjects of art and 
design majors would have more experience with the software, thus identify the icons better 
than the subjects who are not art and design majors. To reveal if there is merit to this 
prediction, the means of the art and design group, and the non art and design group were 
compared, and aT-test was conducted. 
The mean is a statistic used to examine the average performance level by a group of 
subjects. However, means differ between groups, and the amount of variability within the 
groups must also be considered. If the variability within a group is very large, then the mean 
may not be reliable. AT-test is a test of "statistical significance that examines the difference 
between means against the background of the within-group variability ... the larger the 
difference between the means, or the smaller the within-group variability for any given size of 
study, the greater will be the magnitude of T" (Rosnow 1996, p.270). In other words, the 
larger the T, the more significant the difference between the two means. The critical value of T 
depends upon the number of subjects involved in a user test. Any difference between means 
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that is equal to or larger than the critical T value is significant, while any number smaller than 
the critical T is not significant. 
There were 7 art and design majors, and 93 non art and design majors. The mean of 
the mistakes made by the art and design majors is 8.71. The mean of the mistake made by the 
non art and design majors is 14.95. Based upon a test of 100 subjects, the critical value ofT is 
1.98. The T-test result comparing the two means is 3.83 which indicates that the difference 
between the two is significant. 
Thus, the correlation between the users' experiences and the effectiveness of the icons 
in Photoshop is significant, and is influenced by the third variable which is the subjects' major 
field. Photoshop is a necessary professional software for design professionals. It does not 
matter if the icons are intuitive or not, because the professionals must learn to use it in order to 
do basic tasks. Therefore, even though some of the icons are not intuitive and effective, the 
professionals must learn the functions of the icons. However, only the icons correctly 
interpreted by both the experienced and inexperienced subjects are the most effective icons. 
B. Analysis of the Effective Icons 
The icons obtaining more than 70% of the subjects' correct interpretations are 
considered as effective. These icons communicate effectively with both experienced and 
inexperienced users. The effective icons directly correspond to users' mental models and align 
with people's perceptive processes. The overall effects of these effective icons meet four 
criteria: recognizability of an image. clarity of a representation, simplicity of a fonn and 
distinctiveness of the characteristics. 
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1. Icons/rom Microsoft Word 
The effective icons from Microsoft Word include the icons for type styles, such as 
"bold", "italic", "underline", "enlarge size" and "reduce size", the icons for "left", "right", 
"center" and "justified" alignments, the icons for "increasing" and "decreasing" indent, and the 
icons for "new document", "open document", "print", "cut", "copy", "spell check", "chart", 
"help" and "show maiL" 
The group of icons for type styles obtain 97% to 99% of the 
users' correct interpretation. These icons are basically the concrete illustrations of the effects 
produced by the functions. The illustrations are very clear and recognizable. Besides the 
recognizability of the images, the objects depicted are familiar to the users in the non-electronic 
world through the typewriter, and other printed media such as books, magazines, newspapers 
and more. Thus, the subjects have substantial knowledge of the images. In addition, each 
image is portrayed with simplicity and clarity, and each image is distinctive from one another. 
Therefore, the designs enable the users to identify the icons without difficulties and confusion. 
The icons for enlarging and reducing the type sizes produce 75% of the 
users' correct answers. Any English speaker can recognize the capital letter "A." The up and 
down arrows are common images as well. Thus, the icons meet the first criteria, 
recognizability of the images. Next, the letter "A" suggests certain functions related to the 
alphabet, which leads the users to focus on the functions of types. The up and down arrows 
are commonly used to indicate motions in directions. In addition to the positive forms, the 
distinctive contrasts between the big "A" and its small negative spaces and between the small 
"A" and its large negative spaces make the two icons communicate the meaning of "enlarge" 
and "reduce" the sizes. The images are also simple and have distinctive contours, thus, 
proving to be effective designs. 
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) Among the four icons for the functions of 
alignments, 91 % to 93% of the users correctly interpret the icons of left, right and centered 
alignments, and 83% users correctly interpret the image of justified text. All of the four icons 
are considered effective. There is about 10% differences between the first three and the forth 
icon. The four icons in the software are displayed side by side as a group. On the one hand, if 
the users are experienced and familiar with the software, why do more of them make mistakes 
on the forth one? On the other hand, ifthe users are inexperienced, how can they interpret the 
first three correctly but not the forth one? Since the test data shows that 97% of the users have 
experiences with the software, the mistakes are most likely made by the experienced users. 
The cause is, perhaps, the first three icons possess certain characteristics which are more 
effective in visual communication. For instance, the fITSt three icons vividly feature the three 
different alignments. Both the negative and positive spaces of the three designs play important 
roles in making the icons distinctive. In contrast, the icon for justified text is less effective. 
For example, the icon for justified alignment has equal length of positive lines and even 
negative spaces. These design features are shared by some other icons such as "one column", 
and "line spacing"(which are not included in the test). Thus, the image is not only less 
distinctive from the icon palette but also causes the experienced users' confusion in 
interpretation. The assumption here is made that some of the experienced users might have 
been confused and perhaps never bothered to figure out what the differences were between the 
icons for "one column", "line spacing" and "justified text", since the icons share similar 
characteristics of visual forms. Thus, the icon for justified text in comparison with the other 
three in the same group obtains less correct interpretation, though overall, it might be 
considered an effective icon. 
The icons of changing indents obtain 80% correct interpretation. The 
designs of the icons combine an arrow with the simplified depiction of the text lines. The 
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arrows are used in people's everyday lives to indicate directions of motion. Thus the left and 
right pointing arrows in the illustration naturally lead the users to interpret the meaning as 
moving left or right. The heavy and indented horizontal lines highlights text which suggest that 
the lines can be moved according to the direction of the arrow. The thin horizontal lines 
represent the non-indented lines of text. All the design components enable the subjects to 
connect the images to their existing experiences. Thus, a majority of users can interpret these 
icons correctly. 
o The icons for the functions of "new document, open 
document, cut, copy, and show mail" employ metaphors for communication. The icon for 
"new document" obtains 71 % correct interpretations, "open document" has 86%, "cut" 
achieves 100%, "copy" has 70% and "show mail" obtains 70% correct interpretations. 
Basically, the icons are not only recognizable in terms of the images, but also represent the 
functions clearly. The most effective design and usage of metaphor in this group is the image 
for "cut" which is the simplified scissors. Everyone is familiar with both the image and the 
function of scissors in their non-electronic everyday lives. Though scissors do not exist inside 
the computer, the juxtaposition of the similarities between the particular function of the scissors 
and the software successfully lead the users to correctly interpret the implied meaning of the 
metaphor. Furthermore, the perception selected to portray the scissors is very distinctive. It is 
a portrait of the opened scissors rather than a closed one, which enhances the meaning of 
"ready to cut" and strengthens the communication. The icon for "new document" causes a few 
additional misinterpretations even though the image is quite simple and clear. The problem is 
that the image of an empty page suggests multiple mental models, since an empty page in the 
non-electronic world does not always mean "new document." It leads the users to interpret it 
as "insert paper" or "new page", since there are multiple functions associated with an empty 
page. 
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The icon for "print" obtains 95% correct interpretation. The image is 
recognizable and the representation is clear, because it is a concrete and direct depiction of the 
device and thus it obviously leads to a single interpretation. The subjects can identify the icon 
immediately without confusion since 100% of the subjects have more or less experiences with 
a computer and most are familiar with computer printers. The perception of the depiction or the 
variety of printer models could be some cause for mistakes (5%). Nonetheless, 95% correct 
interpretation is considered highly effective. 
The icon of "spell check" obtains 88% effectiveness, "chart" 81 %, 
and "help" 80%. These icons, to various extents, utilize existing signs and symbols from the 
non-electronic world to suggest the electronic functions. For instance, a check mark is used 
frequently for marking in people's daily lives; the pattern of a chart symbolizes presenting chart 
in statistics; a question mark is used for inquiring information in various public places. These 
signs and symbols are simple, distinguishable and recognizable to most people in their daily 
activities. To borrow these images and extend their meanings to the electronic environment can 
be effective. A problem may be caused by over complicating the image such as the design of 
the icon for "help". Some of the users expressed confusion about the "arrow" image beside the 
question mark. A question mark alone has been used as a symbol of "help" in various public 
places in the non-electronic world and in many computer interfaces. Thus, it has gained certain 
acceptance and recognition by a considerable amount of people. An arrow beside a question 
mark adds an extra layer of meaning which complicates the syntactics and the meaning is 
unclear to some users. 
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2. Icons from Adobe Photoshop 
A variety of metaphors are employed in the icon designs in Adobe Photoshop. The 
effective icons from Adobe Photoshop interface include the images of line drawing, eraser, 
type. magnifying glass, pencil and brush tools. These icons have a significant quality in 
common in that the images are not only very familiar to every subject but also each has a single 
function in the non-electronic world. Thus, the juxtaposition of the similarity between the item 
and the computer function leads the subjects to a single mental model for interpretation. It is 
also important to note that the images all possess the quality of simplicity and distinctiveness. 
I C\ I w [lJ The icons of the pencil, brush and magnifying glass are effective 
metaphors. There are 93% correct answers for the brush and 79% correct answers for the 
pencil. The magnifying glass obtains 91 % of the users' correct interpretation. These icons are 
examples of successful metaphoric communication. For instance, the magnifying glass is a 
well known image which is portrayed simply with a circle and a handle bar without extra 
details and ambiguity; therefore. the forms can be recognized immediately. Second, the 
magnifying glass as an icon is a successful metaphor. A real magnifying glass is only for 
enlarging a view in a non-computer environment, which is very familiar to everyone. Though 
there is not a real magnifying glass existing in the electronic environment, the use of a 
magnifying glass as an icon in the computer interface here effectively represents the function. 
It successfully suggests a single direction for the users' interpretation that the represented 
function is to enlarge the view. Next, the magnifying glass is portrayed with the utmost 
simplicity and distinctive contour, which enables the users to identify and remember the image 
rapidly. The pencil and brush as metaphors share the essential quality with the magnifying 
glass. The depiction of both the pencil and the brush are clearly recognizable. Their functions 
in the non-electronic world are clear and single: a pencil for drawing. and a brush for painting. 
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The metaphors of the pencil and the brush employed in the interface effectively lead the users to 
a single mental model, thus, convey the information successfully. The simplicity and the 
distinctiveness of the illustrations also enables the icons to be identified easily. 
I g I The user test reveals that the illustration of the eraser is effective. Accordingly, 
70% of the subjects recognize it as an eraser, but it has certain ambiguity which causes 30% of 
the users to misinterpret the image as a tool to create three-dimensional cubes. The eraser is 
depicted as a "three-dimensional" rectangle. The illustration of the eraser causes two major 
confusion: the frrst is that not all the erasers in the non-electronic world are rectangular forms; 
the second is that many other things can be illustrated as rectangular forms, such as a box, a 
brick, a book and many more. Therefore, to 30% of the subjects, the image is not recognizable 
as an eraser. In other words, the users do not know if it is a box, an abstract cube, or an 
eraser, since the ambiguous image suggests multiple mental models for interpretation. 
Consequently, many users abstract the meanings and interpret the function as "creating a three-
dimensional cube." 
[!] The icon of type is a usage of a single letter as a sign which obtains 89% correct 
interpretation. The capital "T" is an English letter in the tool bar in Adobe Photoshop, thus it 
easily leads the users to understand that its function is related to English alphabets. However, 
ten percent of the users interpret the function of the icon literally as "typing a capital letter." 
This phenomenon interestingly corresponds to designer Mullet's opinion about using a single 
letter form as a sign. Mullet points out that "a more common crutch is the use of a single 
character to suggest some aspects of a sign that is difficult to represent graphically. When the 
verbal element dominates, its abstract nature ensures that unintended associations will arise in 
addition to - or instead of - the one intended" (Mullet 1995, p.194). Obviously, the designer of 
the icon for typing did not anticipate the users' interpretation of the icon for capital letter only; 
the capital letter ''T' itself brings out the potential direction of misinterpretation. 
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I "I The line drawing tool is portrayed with a diagonal line which obtains 71 % of 
the users' correct interpretation. An image of a line is relatively simple and direct, thus most of 
the users have little difficulty interpreting it. However, a few users misinterpret the diagonal 
line as a indication of "cutting." Here, an interesting question is raised: a line is a concrete 
image, but why is it interpreted so abstractly? A potential cause might be rooted in the 
characteristics of the methods of icon tool designs. Currently, many different approaches and 
methods of the solutions co-exist within the same set of tool icons. For instance, some icons 
are metaphoric, some icons are abstract, and some icons are concrete. Since the same set of 
icons does not have a unified logic or method of design concepts, the situation may cause 
confusion. For example, if there are some abstract icons representing abstract functions in an 
icon palette, a user might interpret other icons in the same set according to the same logic. 
However, other icons may be designed with the logic of metaphor instead of abstraction. In 
order to interpret a whole set of icons correctly, users have to mentally "jump" around among 
various logic and methods of design concepts with or without conscious knowledge of the 
mental situation. This situation exists in most of the interfaces using tool icons. The 
hypothesis regarding the users' confusion caused by a variety of methods and logic of icon 
designs within an icon palette is not predicted and not covered by the user tests in this research 
paper. However, many users reported that the icons are too difficult to interpret so that they 
prefer using the pull-down menu. Excepting the four criteria discussed in this paper, the 
variety of design logic within a same set of icons might be another important cause of the 
users' confusion. Further experiments and studies are needed in the future to reveal the 
significance regarding this issue. 
In conclusion, the icons which are the most intuitive to the users lead to a single mental 
model and are seemingly quite effective. Effective icons fit the users' experiential mode. The 
icons in this category have recognizability of the image, clarity of the representation, simplicity 
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of the forms and distinctiveness of the characteristics. They clearly represent the functions and 
have the appropriate usage of metaphor and excellent execution of visual forms. The designs 
of the icons which obtain more than 70% correct interpretations basically meet the four criteria 
discussed in Chapter 2. There are also some problems associated with several of the icons in 
the effective group. As revealed through the test results, not all the icons achieve ideal 
effectiveness which is 100% of the subjects' correct interpretation. Some aspects of the icon 
design do not meet the criteria, while some problems need further research. However, in 
general, this group of icons are considered effective in comparison with the ineffective icons 
which will be discussed in the next section, Analysis of the Ineffective Icons. 
C. Analysis of the Ineffective Icons 
The icons which create less than 70% correct interpretations are considered as 
ineffective. Both experienced and inexperienced subjects have difficulties in understanding the 
messages represented by these icons. Various design problems may be responsible for the 
ineffectiveness. The analysis of the problems will be presented in four categories: 
unrecognizable images, unclear representations, over complex forms, and non distinctive 
characteristics. However, the problems are not independent of each other. Some icons have 
more than one design difficulty. 
1. Unrecognizable Images 
As the statement in Chapter 2 suggests, recognizability of an image is critical at the 
initial stage of iconic communication. Without a recognizable image, further interpretation of 
the icon becomes impossible. The icons in this group pose difficulties to the operators at first 
glance, and push the individuals to guess what the images are rather than intuit what the icons 
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may actually mean. Many subjects give up on understanding the represented functions at this 
initial stage. The images which are revealed as unrecognizable include the icons for "Undo", 
"Border", "Auto Text", "Format CallOut", "Find File", "Find Special File", "Insert Slide", 
"Insert Table" in Microsoft Word, and the icons for "Crop Image", "Magic Wand" and 
"Dodge" in Adobe Photoshop. These images might be created based upon certain images or 
items in the non-electronic world, however, for a variety of reasons, they are not recognizable 
as icons in the interface; perhaps due to the severely distorted forms, the inappropriate 
perspective and angles of view, or the inappropriate choices of concept. 
The image for "undo" produced 28% of subjects' correct interpretations. It is 
perhaps designed to be a depiction of the moment when an eraser is erasing some lines. Many 
subjects interpreted the image as "marker", "shade", or "pen". The reason is that the form of 
the eraser depicted for the icon is not a typical eraser. Even though it is true that some erasers 
are attached to the tops of pencils or markers, the simplified image on the icon has lost the 
identity of an eraser due to the loss of the 3-D dimensions and the texture. Consequently, the 
image is not recognizable, which makes the subjects guess what it might be. Of course, a 
pencil or a marker are among the candidates which share the similar visual forms. 
The icon for "Border" produced 37% correct recognition. The image is very 
ambiguous. It is unclear what the image is, or why it is divided into four equal divisions of 
squares. As designer Mullet points out that the users, when initially encountering the icons, 
will put every effort to figure out every detail and search for the possible interpretation. Thus, 
the icon was identified as "window", "grid", "text box", "layout format" or "dividing into 
sections". If the icon is composed by only a frame without the four divisions, it might cause 
less confusion since "Border" does not necessarily have four divisions. 
The "Auto Text" is only partially recognizable. It is obvious that a human hand 
is one part of the image, but the other object is unrecognizable to 100% of the subjects. The 
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proportion of the object to the size of the hand resembles the proportion of a calculator to a 
human hand. However, many calculators are vertically oriented rectangles. The other 
possibility is a computer keyboard which is horizontal, yet the proportion of a keyboard to a 
human hand as shown in the icon is not correct. Thus, the majority of subjects misinterpret the 
icon as "calculator" while other subjects misinterpret it as "key board control" or "enter E-mail 
password." 
The icons for "Find File" cause 73% mistakes, and "Find Special File" 
produced 88% mistakes. The folder image in the icon of "Find File" is very recognizable 
which perhaps gives the subjects a stronger hint that the icon is associated with files. 
However, the other part of the image is not recognizable. It looks like a binocular, or a bunch 
of blocks. The original intention of the design is unknown. If the image is a binocular, it is 
severely defonned due to the limited pixels since a pair of binoculars is featured by two circular 
forms rather than a bunch of squares. If the image represents a row of files, then there are too 
small and too many of them to be recognized. Most of the subjects interpret the image as 
"Zoom In" or "Zoom Out", which reveals that the object is identified as a binocular. However, 
the subjects' misinterpretation reveal that a binocular suggests the function of a magnifying 
glass rather than the function of "search" or "find". Consequently, these two images not only 
have the problem based on the first criteria, recognizability of the fonn, but also have problems 
on the second criteria, clarity of the representation. 
The icon for "Format Call Out" produced 76% mistakes, "Insert 
Slides" caused 97% mistakes, and "Insert Table" had 70% mistakes. They all appear 
unrecognizable due to the proportion and perception of the objects depicted. The small 
rectangular shapes suggest a variety of printed materials or objects in both the non-electronic 
and electronic environments, and none of the images resemble a particular item which people 
are able to identify immediately. Consequently, the images force the subjects to engage in a 
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guessing game. Many subjects interpret "Format CallOut" as "Creating Business Card," and 
identify "Insert Slide" as "Disk Drive", "Making Envelope", "Label", or "File Cabinet", Many 
subjects identify the icon for "Insert Table" as "calendar", "list", "column", or "calculator". 
The ambiguity is caused by the choices of the illustrations which do not visually resemble any 
particular images, and thus, are not recognizable. 
1'*-,1 The icon for "Magic Wand" causes 93% of the subjects to misinterpret the 
meaning, including some experienced subjects. The image is based upon a metaphor found in 
many Western fairy tales. A real image of a magic wand is familiar to almost everyone 
growing up in a Western culture. However, the icon here is unrecognizable most likely due to 
the proportion of the illustration and the radiated pattern of dots. Because of the limitation of 
the pixels, the magic wand depicted in the icon is much shorter than the popular magic wand. 
The proportion of the illustration here is similar to the length and width of a pen in terms of the 
ratio. The radiating dots are an ambiguous visual message as well, since they have been used 
to suggest light, liquid, or sound in various illustrations in different contexts. Thus, the 
majority of the subjects interpret the image as "air brush", "spray color", or "microphone". 
I 'f2I: 11--1 The icons for "Crop Picture" and "Dodge" reveal a different aspect of 
iconic communication in terms of recognizability. The icon "Crop Picture" induces 74% 
mistakes, and "Dodge" has 92% mistakes from both inexperienced and experienced subjects. 
The issue is that the illustrations correctly resemble the real items for cropping pictures and 
dodging photos in the non-electronic world, however, they are not recognizable to most of the 
users. One can argue that most of the subjects are not photographers so they do not naturally 
recognize the images. This is a compiling reason. Yet, another aspect which merits 
consideration is that some of the tools are old fashioned and newer generations do not use these 
tools any more. Thus, the images do not exist in most subjects' modem experiences. 
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Therefore. keeping the images of the icons contemporary is another issue which relates to the 
recognizability of those images. 
2. Unclear Representation 
Clarity of a representation is an important criterion. An icon is effective only if the 
function behind it is clearly represented by the image, and the image enables the users to 
correctly interpret the message. In other words, an icon must be recognizable, not only what it 
is, but also what function it represents. Only when an icon leads the user to the correct 
connection between an image and its function, does the icon communicate effectively. A 
number of ineffective icons fall into this category due to the lack of clarity in the representation. 
These icons usually have recognizable forms but lack clarity of representation, which, as a 
result, suggests multiple mental models and mislead the users. The icons in this category 
include "Undo", "Redo", "Auto Format", "CallOut", "Tool Bar", "Next Mail" in Microsoft 
Word, and "SharpenIBlur", "Smudge", "Eye Dropper", and "ForegroundlBackground Color" 
in Adobe Photoshop. 
The icons for "Undo" and "Redo" caused 73% misinterpretation, and all 
the mistakes indicate that the images mistakenly suggest "turn left" and "turn right." Based on 
the fIrst criteria, recognizability of an image, each of the images is very recognizable as they are 
a pair of arrows pointing in opposite directions. However, based upon the second criteria, 
clarity of the representation, the images do not represent the functions of "Undo" and "Redo" 
very clearly. The curve lines with arrows are used most often in traffic signs which indicate 
"turn left" or "turn righe'. The knowledge of the traffic signs is deeply rooted in everyone's 
daily experiences. Also, the arrows do not have any association with "Redo" and "Undo" in 
people's existing knowledge. As the two designs lead the subjects to connect the images with 
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their existing experiences and the direction of interpretation, of course, naturally, the icons are 
interpreted as "tum left" and "tum right" rather than "Redo" and "Undo". The two icons are 
the best examples of misleading users' mental models and misrepresentation of the function. 
The icon for "Auto Format" creates 96% mistakes in subjects. Again, it is a 
clearly recognizable image according to the first criteria, as it represents a page with golden 
beams. However, the represented function is unclear. Obviously, it has something to do with 
a page of text, but the critical aspect relies on the subjects' interpretation of the golden beams. 
In people's daily experiences, golden beams can be associated with many different things 
which include concrete objects, such as "star", "light", "sound", "gold", or abstract feelings, 
such as "surprise", "delight", "special", "glory", "warning" and more. Consequently, the very 
critical components of the icon, the golden beams, become a riddle. What the subjects can do 
is to guess as wildly as they can. As the results revealed from the user tests, the icon is 
interpreted as "find special text", "reminder", "done", "new page", or "document error." The 
reason is clear that the icon does not lead the subjects to a single mental model. It suggests 
multiple directions for interpretation. The icon looks very simple, however, it fails upon the 
second criteria which is clarity of representation. 
The icon for "Toolbar" is another example of misrepresentation of a function. It 
causes 97% misinterpretation. The image is clearly a recognizable down pointing arrow. Such 
an arrow is very popular in computer interfaces, and it is commonly used for the functions of 
"minimizing the window" or "scrolling down." Since 100% of the subjects have experiences 
with computers, their interpretations of the icon include "go down", "minimize" and "page 
down." Only 3 subjects answered it correctly although 97% of the subjects have experiences 
with the software Microsoft Word. It is obvious that the majority of the subjects have never 
used the icon, since when the icon is clicked, a pull down toolbar appears. The icon 
communicates perhaps clearly as "minimize" the window, therefore, no one "dare" to touch it 
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while working with the software. The significance is that the icon is a very simple and 
distinctive form which strongly misleads the subjects to a wrong interpretation. 
The icon for "CallOut" produces 65% mistakes. None of the mistakes the 
subjects made could formulate an answer for what they think the icon represents even in the 
tests of matching the icon with a function from the provided list. The icon is clearly a dialogue 
balloon found in various cartoons and illustrations. The conclusion here is that 65% of the 
subjects cannot figure out what it does in a software like Microsoft Word. since they never 
anticipate having to use Microsoft Word to do cartoons or illustrations. Though the icon is 
clearly recognizable and the representation in people's daily experiences is clear, the function in 
the electronic interface is still unexpected and incomprehensible to most of the subjects. 
The icon for "Next Mail" produces 82% mistakes. First, the image is clearly 
recognizable as two envelopes and an arrow. It is not difficult for the subjects to understand 
that the icon represents a function associated with mail. However, the specific aspect of the 
function depends on the subjects' interpretation of the arrow. An arrow symbolizes a direction 
of movement. The illustration shows two envelopes simultaneously and equally clear, which 
leads the subjects to think the function must deal with both envelopes. Thus, the subjects' 
interpretations of the icon include "combine mail", "copy mail", "forward mail". or "import 
mail." There is no suggestion of the notion "next." When people view the next mail in their 
daily lives, they focus on a previous one or the next one, not both at the same time. The 
problem here is that the icon uses two dimensional flat forms to illustrate a four dimensional 
sequential movement. Obviously, the approach is impossible to reach the ideal effect. It is a 
misrepresentation of the perception. However, the subjects interpret the illustration as a 
moment when both envelopes are within the focal point, and that is only the moment when 
people are trying to do something with both of the envelopes, such as combine or copy. The 
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problem is caused by the incompatibility between the concept and solution of the icon design, 
and the users' existing experiences. 
~ I ftJ II / I The icons for "ShrupenIBlur", "Smudge", and "Select Color From 
Picture" in Adobe Photoshop are metaphors. All three images are clearly recognizable, a drop 
of water, a human hand with the index finger pointing, and an eye-dropper. The first one 
produces 80% misinterpretations, the second 72%, and the third 68%. The three icons have 
problems based on the criteria of clarity of representation. Most people can identify what the 
images are, but what the actual functions represented are beyond many peoples' imagination. 
Some of the subjects interpret "SharpenIBlur" simply as "add water drop", and "Select Color 
From Picture" as "eye-dropper", but what a drop of water or an eye-dropper does to a photo in 
the interface is unknown. Most multiple interpretations are associated with the image of 
"Smudge" since it is a depiction if a human hand. A human hand is capable of doing many 
things. Thus, the interpretations include "arrow", "pointer", "select", "pick", "move section", 
"insert segment", or "point out a mistake." The problem shared by the three icons is rooted in 
the metaphors. An excellent metaphor is a power tool of communication, however, only when 
the juxtaposition of the similarity between the image and the represented function is clear, does 
the metaphor communicate. The three images here all have multiple functions themselves. For 
instance, a drop of water can dissolve, mix, wash ... ; a pointing finger can point, select, punch, 
push, move ... ; an eye-dropper is used to add liquid or remove liquid. Because the functions of 
the images themselves are multiple, the juxtaposition of the images within the interface 
functions become even more ambiguous. Consequently, most of the subjects' interpretations 
are limited to the level of identifying the images themselves, such as "a drop of water", 
"pointing finger" or "eye-dropper" rather than at the level of interpreting the represented 
functions. 
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misinterpretations. The components of the image are clearly recognizable, such as large and 
small black and white squares overlapping and a double direction arrow. But the message of 
the icon is unclear. Some subjects interpret it as "enlarge/reduce", since there is a large set and 
a small set of squares; some subjects think it suggests "overlap pictures", because the squares 
are partially overlapped; some subjects suggest it as "changing density scale", because there is 
color contrast between two squares; some think it means "rotate", since there is the curved 
double headed arrow. Obviously, every detail of the icon is carefully examined and interpreted 
by the subjects. The problems are caused by the structure of the image. A common picture has 
foreground and background, however, they are within the same picture frame, either a square 
or a rectangular territory. The icon here separates the foreground and the background into two 
individual frames with the same size, which suggests that there are two pictures overlapping. 
Next, the large set and the small set of squares display a strong size contrast, which makes the 
message look like "varying the size". The curved line of the arrow adds another dimension for 
interpretation. Consequently, the icon with multiple layers of message becomes too complex to 
be interpreted for a single mental model and the correct function is lost. 
3. Overly Complex Forms 
Simplicity of form is another important criterion. Simple images can be rapidly 
recognized, understood and memorized. Especially in computer tool icon design, simple forms 
can be depicted clearly with the limited pixels. If an image is overly complex, the lines and 
colors cluster to an unrecognizable chaos of forms, which makes the process of recognition 
arduous. Since the icon is very small, a clustered image causes the users' frustration and 
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errors. The icons for "Insert Microsoft Excel Sheet" and "Find Special File" are examples 
which have overly complex forms. 
The icons for "Insert Microsoft Excel Sheet" create 66% mistakes. The design 
is too complex for such a small icon. There are layers of images: a three-dimensional form like 
the letter X, another three-dimensional "thing" behind the X, and a table with lines and 
columns. Because the size of the icon is so small, the forms of the images are barely 
distinguishable. What the subjects can identify is an "X" (cross sign) on top of something (no 
one can tell what the "thing" represents). Thus, the subjects' interpretations include 
"construct", "column", "not calculator", "no table" or "calculator." Obviously, subjects can 
only guess, since none of the forms are distinct. The problem with an over complex image is 
that it not only is hard to identify, but also is impossible to be interpreted. An icon with such 
complex forms results in a communication breakdown. 
The icon for "Find Special File" is discussed under the section on 
Unrecognizable Images. However, it is also a typical example of over complexity. There are 
nine small squares with some black shadow forms composed as an item. The designated 
identity of the item is unknown. If there were fewer squares, the image might be clearer than it 
is presently. The structure of the image perhaps can be slightly distinguishable if there were 
less details. Again, an over complex image depicted with such limited number of pixels can 
result in a distortion, creating obstacles for further interpretation of the represented function. 
4. Non Distinctive Characteristics 
Distinctiveness of the icon characteristics is the fourth criterion. In the situation of 
intense usage of iconic communication, such as in computer software, the more distinctive the 
icon, the faster the processes of scanning, differentiating, memorizing and recalling that image. 
83 
The important aspects of distinctiveness are produced by the figure contour and its inner 
structure. Especially, the more similar the contours of various icons, the more easily the users 
make mistakes. Icons which lack distinctiveness include "Group" and "Ungroup" in Microsoft 
Word, and "Standard Window", "Window with Menu Bar", and "Window without Menu Bar" 
in Photoshop. 
The icons for "Group" and "Ungroup" cause 85% mistakes in subjects. 
The two icons are very similar at the first glance. Some subjects fill-in the same answers for 
both icons, such as "draw square," "move objects," "design boxes," or "group." Even though 
theoretically the two icons depict the visual effects of grouping and ungrouping items in 
computer software, the iconic communication is not effective. The similarity of the 
characteristics confuses the subjects. 
~ LJ 0 The icons for "Standard Window," "Window with Menu Bar," and 
"Window without Menu Bar" produce 80%, 71 % and 74% mistakes respectively. First of all, 
the images are very simple and clear, but not very recognizable as computer windows. The 
rectangular shapes have the capacity to represent many different things. Most of the subjects 
answered "folders" as the interpretation for all three. Some subjects interpret the icons as 
"many items in a folder", "empty folder", or "file". Thus, the three icons do not meet the first 
criteria which is recognizability of an image. Second, the three icons have the problem of 
similar contour, though the inner structures of the three are different. So, subjects are 
confused about the three icons. Some subjects put the answer of the first icon into the blank of 
the second, or the answer of the second into the third blank. The confusion suggests that the 
three icons do not possess distinctive characteristics from each other especially in terms of their 
contour. This confusion happens to these three icons and the icons for "Group" and 
"Ungroup" as well. It reveals that the subjects can not identify, differentiate or remember these 
icons effectively. While trying to find a function from the list, the subjects often forget which 
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one is which. Or, while thinking of a specific function for one, the subjects mistakenly feel 
that two or three are alike. Consequently, the similarity of the images make the subjects fill in 
similar answers or shift their answers in the user test. 
In conclusion, the ineffective icons have numerous problems based upon the four 
criteria of recognizability of an image, clarity of a representation, simplicity of a form and 
distinctiveness of the characteristics. Some designs have unrecognizable images; some have 
unclear representations or inappropriate metaphor; some have over complex forms; some lack 
distinctive characteristics. A problem associated with one criterion can cause a chain reaction. 
The idea here is that the four criteria are correlated and interactive with each other. An icon 
with either one or all of the design problems becomes difficult or impossible to interpret 
correctly by the subjects. 
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CHAPTER 5 - PROPOSED REDESIGN OF SOME INEFFECTIVE ICONS 
Through the statistical evaluation of the data collected from the user tests, and the 
analysis of the effective and ineffective icons based upon the four criteria (Le., recognizability 
of an image, clarity of a representation, simplicity of a form and distinctiveness of the 
characteristics), some problems of the icon designs are revealed. The ineffectiveness of the 
icons is basically caused by the incompatibility between the iconic images, the represented 
computer functions, and pre-existing mental models. In order to further test the hypothesis and 
to enhance effective iconic communication, some of these icons were redesigned based upon 
specific studies of the subjects' existing experiences and the four criteria. The purpose of 
redesigning is not to replace the icons in the current software, but to determine if any revisions 
could improve the communicability and the recognizability of the icons. Two user tests were 
conducted to evaluate the new icon designs, and the analysis of the results are presented in this 
chapter. 
The first user test was conducted asking the subjects to match an icon with a function 
provided in a list. There were 11 new designs. Several icons had multiple versions included 
in the test. The purpose was to observe the subjects' responses and to analyze people's mental 
models so that the problems of iconic communication could be further studied. Fifty subjects 
with and/or without computer experiences voluntarily participated in the first new user test 
The data of this test show significant improvement in terms of icon communicability. 
Despite the fact that the revision for "Adding Border" resembles an icon design for "Creating 
Rectangle" in other programs, the revision obtained 78% of the subjects' correct 
interpretations. However, the icon was revised again in order to differentiate it from the icon 
for "Creating Rectangle" in other programs. 
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A second new user test was conducted to compare the effectiveness of the ftrst and the 
second revisions of the icon "Adding Border." Fifty subjects participated in the second test. 
The frrst revision and the second revision of the icon for "Adding Border" were put side by 
side for user testing. The subjects were asked to match the icons with a provided list in which 
only one option was "Adding Border." The data of the user test shows that the second revision 
with 76% correct interpretation exceeds the frrst revision which obtained 24% correct 
interpretation. 
Table 2 and Figure 5 show the user testing results of the original designs and the ftnal 
revised designs. 
Table 2. User Test Result - and the revisions 
Represented Function Original Correct Suggested Correct 
Design Interpretation Version Interpretation 
Symbol 36% 74% 
Undo 28% 100% 
Redo 27% 100% 
Add Border ~ 37% 76% 
Find Special File 12% 60% 
Find File 27% 60% 
Group 15% 92% 
Ungroup rmH L. '-}'S 15% 94% 
SharpenIBlur 6 20% 82% 
BrightenlDarken ~ 8% 86% 
Smudge ~ 28% 66% 
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• = The Original Design (N = 100 Subjects) 
0= The Revised Design (N = 50 Subjects) 
Figure 5. Statistical chart of the original designs and the revisions 
The ftrst icon is the original design representing the function for creating 
"Symbols" including mathematical signs, symbols of currencies in different countries, certain 
foreign alphabets such as Greek, and accents of French, Spanish or some other languages. 
However, two Spanish characters "i" and "3." are used to compose the iconic image, which 
makes the majority of the subjects confused. The icon misled 64% of the subjects to focus on 
"Spanish" as the indication, while only 36% subjects interpret it as "Symbol". The problem is 
that the various symbols can not be represented by only Spanish letters .. In other words, the 
images must embody a broad range of representatives. By examining the function carefully 
and analyzing the users' existing experiences, the revision uses characters "¥" and uk' to 
compose the icon as the second one shown above. The symbol "¥" is the sign of a foreign 
currency which is common knowledge in most people's existing experiences; the letter "k' 
suggests non English letters with accent marks. Of course, a variety of other symbols could be 
selected as the components of the icon. The point of demonstration here is that by changing the 
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representative characters, the icon suggests the function of creating symbols other than English 
or Spanish letters only. The suggested revision of the icon achieves 74% of the subjects 
recognition. 
The icons for "undo" and "redo" as shown by the original 
pair obtained 26-27% correct interpretation. The processes of "undo" and "redo" are abstract 
actions which are formless and unpredictable, involving a variety of possibilities and images, 
such as undo or redo charts, words, letters. sentences, paragraphs, illustrations and many 
more. The processes can not be directly portrayed with definable images. An arrow, whether 
pointing left or right, does not represent the function in any aspect except leading the subjects 
to connect the icons with freeway traffic turning signs. Under such circumstances, the 
suggestion is that the icons should be designed with words. Using the words "undo" and 
"redo" as icons has two major benefits regarding usability. The first is that the words do not 
cause any confusion. The second is that the visual forms of the two words are very short and 
simple that the images can fit into the limited dimensions and maintain readability. The testing 
results of the redesigned icons obtained 100% of the subjects' correct recognition. 
Ignl The first icon is the original design for the function of creating a 
"border". The image is ambiguous due to the square shapes and divisions inside the frame. 
While 27% of the subjects gave the correct answer, the majority of the subjects interpreted it as 
"making squares" or "dividing squares." In the suggested revised design, the concept 
emphasizes the notion of "adding border" rather than "creating squares." The image, thus, is 
composed of lines symbolizing text while a pencil is exaggerated in size to stress the action of 
adding border around the text. As the result of this change, 76% of the subjects' recognized 
the icon as the function of creating a border. 
rraJ~·.·.·······.····lt ':". , The first icon is the original design for "Find File" 
which produced 27% correct recognition. The second one is for "Find Special File" which 
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produced 12% correct interpretation. The two icons have ambiguous and complex details, 
which makes it difficult for people to identify what the piles of blocks are. In order to 
understand the subjects' mental models, three modified designs (following the first two above) 
were created and user tested. The blocks are simplified into clear binocular forms combining 
with images of folders to suggest "searching" for files. As for one folder, two folders, or 
without any folder, the question of whichever communicates effectively is up to the subjects. 
Thus, the test is designed to have multiple choices to allow the subjects to assign functions to 
the icons. As a result, 60% of the subjects identified the icon composed with a binocular and 
two folders as "Find Files," 60% of the subjects recognize the icon with a binocular and a 
folder as "Find Special File," and 88% of the subjects interpret the icon with a binocular only 
as "Search". 
The original designs for "Group" and "Ungroup" produced 
15% correct interpretation. Two major features of the original designs may have rendered the 
iconic communication ineffective. The first is that the two icons are not distinctive enough 
from each other. The second is that the illustrations depict the moments when the electronic 
images created on the screen are selected for "grouping" or "ungrouping," which is a situation 
unfamiliar even to experienced software users. The less experienced users may have difficulty 
in interpreting the meanings, and thus, some subjects identify the icons as "drawing square," 
"over lapping" or "design boxes." The revised icons approach the problems from a non-
electronic perception which means to use images to communicate with both experienced and 
inexperienced users. The new icons are composed of four squares and four arrows. The one 
with four squares piled together and four arrows pointing toward the squares symbolizes 
"Grouping"; the one with four squares separated and four arrows pointing to separate 
directions suggests "Ungrouping." As the results of the user test, the two new versions obtain 
92-94% of the subjects recognition. 
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~ I £: I The icon of a water drop here is the original design for the function of 
"SharpenIBlur" which obtained 20% correct interpretation. The design is based upon the 
concept of a watercolor painting in which a drop of water can make the image blur. However, 
it only communicates effectively to people who are familiar with watercolor paintings while the 
people who have little experiences with this form of art may not be able to connect a drop of 
water with its effect on an image. The suggested revision uses a simplified human figure 
which is identifiable by every person. In order to suggest the dual functions of 
"SharpenIBlur," the image is half sharp and half blurred. The new icon has the capacity to 
communicate with either experienced or inexperienced software users and watercolor painters. 
The result of the user test was very encouraging as 82% of the subjects identified the icon 
correctly. 
I ~ II kid I The first icon is the original design for "Dodge" which means to lighten or 
darken a photo image. Even though this image is a quite realistic portrait of the professional 
tool used in the non electronic environment only, 10% of the subjects could identify it. The 
reason is that not every one, including professional graphic designers, is a professional 
photographer. The revision uses black, gray and white abstract forms to represent the range of 
color values which is a intuitive for most people, no matter if they are professional 
photographers or not. The results showed that 86% of the subjects correctly interpreted the 
meaning of the revised icon. 
I 1# II JtJ I The icon for the function "Smudge" is the image of a pointing finger. It is 
a simple and clear image, however, since a pointing human finger has the capacity to perform 
many tasks, the represented function is unclear. It produced 28% correct recognition. The 
intention of the revised icon is to use certain elements to define what the finger is doing. As a 
result, 66% of the subjects correctly interpreted the icon as the function of "Smudge." 
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The purpose of revising and testing some of the ineffective icons is not to replace the 
icons in the two interfaces involved, but to further experiment with the criteria of effective 
iconic communication. Thus, the study is only a step towards acquiring knowledge of 
effective icon design, and to demonstrate that this frontier is yet to be explored. The revisions 
have not exhausted the exploration of effective visual solutions and some of the designs have 
not obtained correct interpretations above 70%. There are unlimited design possibilities. The 
suggested designs may not be the best solutions, and the potential for development is not 
exhausted. However, the overall effect of these revisions was very encouraging. The study 
reveals that significant improvement of iconic communication can be achieved by applying 
cognitive theories and design principles into the icon creation processes. 
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CHAPTER 6 - CONCLUSION 
Along with the advancement of computer technology, many daily tasks can be 
accomplished more easily and faster with personal computers, which requires more and more 
people from numerous fields to use a variety of computer softwares. The usability of software 
designs are therefore challenged not only by the computer experts' interests but also by 
inexperienced users' concerns. In order to make computer software more intuitive and user-
friendly to the public, computer programs increasingly incorporate iconic images to represent 
certain functions or programs. There are two basic reasons for this tendency. The first is that 
symbols have a "visual directness" and "create a direct and immediate impact and this permits 
immediate response" (Mead & Modley 1968, p.57). The second is that symbols occupy less 
space than words, which is an advantage for icons in software design due to the limited 
dimensions of computer monitors. However, communication problems arise when the icons 
are not well designed. A symbol is an effective form of visual communication only when the 
symbol sends, and the viewers receive, the same message. Thus, software tool icons 
significantly impact the effectiveness of computer software. 
In order to create tool icons that communicate effectively with the majority of users, 
design principles of visual communication, theories of modern cognitive psychology, and the 
nature of electronic technology must be combined and applied throughout the design processes. 
Rules of pragmatics, semantics and syntactics for visual communication must be applied to 
computer tool icon design. For software developers, attention should be paid to both the 
design and the evaluation of tool icons. Usability testing and evaluation of the icons must be 
included as important aspects of the design processes. The combination of design principles, 
cognitive theories and user testing will enable designers to develop solutions which integrate 
the iconic image, the represented function, and the users' mental modeL 
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This thesis is an inquiry into the basic criteria for effective communication of tool icon 
design. It is a study which evaluates icon designs based upon the theories of human cognitive 
processes in combination with principles of visual communication. It is also a demonstration 
of implementing user testing into the design processes to improve the communicability of 
software tool icons. 
The hypothesis in this research states that "icons with high recognizability, clarity, 
simplicity, and distinctiveness are effective aids for the users in operations of computer 
software, while those lacking some or all of the characteristics are not effective." This was 
examined and evaluated through three major stages. First, four criteria are established through 
the literature review which included the research and discussion of certain theories of human 
cognitive processes and principles of visual communication. Second, user testing was 
conducted to distinguish the effectiveness and ineffectiveness of sample icons, and the testing 
results were analyzed. Third, some of the ineffective icons were redesigned and the revisions 
were user tested, which is a significant extension of further applying these theories and 
principles into practice and examination. 
During the first stage of evaluation, the four basic criteria for effective iconic 
communication, (i.e., recognizability of an image, clarity of a representation, simplicity of a 
form, and distinctiveness of the characteristics), are developed based upon the study and 
research of design principles and cognitive theories. The hypothesis predicts that the 
effectiveness of icon designs can be evaluated based upon the four criteria. The results of the 
user testing and analysis demonstrate that the hypothesis is basically true in terms of the 
essential design qualities of the iconic images, which are significantly influenced by the 
characteristics described under the four criteria. 
However, besides the four criteria, the study reveals that some other aspects, not 
covered by the hypothesis, may potentially have additional influences on the usability of the 
tool icons. For instance, the variety of design methods and the diversity of conceptual logic 
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employed in one set of icons may cause user confusion; large quantities of icons used in one 
software may make the visual information overwhelming to the users, and thus complicating 
the situation of identifying, recognizing and differentiating the iconic images. It should be 
noted that ineffective icons in certain professional software may become effective due to the 
daily operating of the software, however, ineffectively the icons seem to communicate initially. 
For the second stage, icons from two representative software packages, Microsoft 
Word and Adobe Photoshop, were selected as samples for user testing. The purpose of the 
research is not to evaluate the two programs per se. Microsoft Word is a popular program used 
by people from various fields, and it contains a considerable number of tool icons. Adobe 
Photoshop is a professional tool for graphic designers, and certain functions of the program 
can be accessed only through the tool icons which employ various metaphors in the image 
designs. The intention here was to use icons from the representative softwares to test the 
criteria established in this paper, and to allow further development of icon designs. 
User tests were employed in this thesis to obtain intuitive responses of the subjects. In 
other words, the subjects were not given any significant amount of time to review and study 
the icons prior to answering the test questions. The purpose was to establish basic criteria for 
the most effective designs of iconic communication. Thus, the data reflect perhaps the most 
intuitive state of the communicability of the icons. If the users had been allowed to study and 
to memorize the meanings and functions of the icons for a while before the test, the results 
might have been different, especially the percentages of effectiveness which might have 
increased. However, the data indicate that 97% of subjects from fifty-nine major fields have 
experiences with Microsoft Word, which implies that 97% of the subjects have encountered the 
icons for some years. Therefore, the data regarding the effectiveness and ineffectiveness of the 
icons in Microsoft Word may reflect a true level of communicability of the icons in the 
program. On the other hand, only 16% of the subjects have prior experience with Adobe 
Photoshop, which means that 84% of the subjects saw the icons for the first time during the 
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user test. Thus, the usability of these icons may reflect the most intuitive level of the iconic 
communication in Adobe Photoshop. Since Adobe Photoshop is a professional tool for 
graphic designers, should the test be conducted using graphic design professionals, the 
percentages of the effective icons might significantly increase due to their enhanced 
experiences. Yet, it should be emphasized that experience should never be an excuse for icon 
designers to avoid consideration of users' mental models and to impose inappropriate design 
solutions to professional users. 
In order to avoid biased data, the user tests purposefully included subjects from a broad 
range of major fields, and avoided the situation of one major profession dominating the subject 
population. As a result, there were 200 subjects from 71 major fields involved in the user 
testing: 100 subjects for the testing of the sample icons, 50 subjects for the testing of first 
revision, and 50 subjects for the testing of the second revision. The more subjects participating 
in the user tests, the less biased the test results should be. However, variations in subject 
popUlation may influence other data in future studies. In general, the methods employed in the 
user tests for this research allowed measurement of the effectiveness and ineffectiveness of the 
icons to be identified and distinguished clearly. 
For the third stage, revising some ineffective icons and testing the suggested designs 
are both important steps to further evaluate icons. The revisions are by no means exhausted 
yet, but the effects are encouraging. The results reveal that the communicability of the iconic 
images can be improved through a design process in which design principles and cognitive 
theories are combined. It also demonstrates that user testing is an important process which 
enables designers to rely not only on their own intuitions, but also to understand users' mental 
models. Through the analysis of user testing results, designers can develop effective design 
concepts and visual solutions which are compatible between the iconic images, users' existing 
experiences and the represented software functions. 
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An additional issue revealed through the study is one of symbol standardization. The 
user tests revealed that confusion is caused by the wide variety of icon designs used for similar 
functions in different computer programs. For example, some software uses the capital letter 
"A" as the symbol for text, while others use "T"; some use a down-pointing arrow for 
scrolling, while others use the same type of arrow for closing windows or other functions 
(such as "tool bar" in Microsoft Word). Standardization, therefore, should be established. As 
the electronic environment becomes a global culture, the establishment and development of 
standardization in software designs certainly requires systematic research and evaluation. 
Some signs and symbols have already achieved international recognition and standardization, 
such as free-way signs, musical notes and mathematical symbols. Of course, computer 
programs are more complex and dynamic. Thus, software developers and designers will have 
a long-term goal of development which involves perhaps internationally collaborative efforts 
between computer program developers, designers, and companies. It will be very challenging 
to standardize the icons of all computer programs, but standardization will significantly ease 
software operations for every user. 
In conclusion, this thesis is only a preliminary step in researching the criteria for 
effective iconic communication in computer software. Further research in human cognitive 
processes, experiments with principles of visual communication, and studies of cultural and 
social factors are needed, along with the advancement of computer technology to improve the 
communicability of software icons. As Mead and Modley (1968, p.125) put it, "Neither 
engineers nor designers alone should be permitted to have the final say on symbols. The task 
requires the combined efforts of psychologists, linguists, educators, anthropologists, 
sociologists, lawyers, engineers, designers and many others. The need is so important that we 
cannot afford to take hasty and inadequate measures, but we should not delay in undertaking 
this essential task" (Kepes 1966, p.125). Inter-disciplinary collaboration is necessary to make 
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progress in the area of iconic communication, and to develop the communicability of the 
software icon designs into more advanced stages of effectiveness. 
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APPENDIX A - TEST MATERIALS 
99 
Modified Informed Consent 
1. The purpose of this test is to study the usability of computer software tool bar icons. 
The test is to analyze whether the icons are effective and friendly to the inexperienced 
and experienced users or not. It is not to evaluate the participant's skill or experience in 
using computer and the interfaces. 
2. The data of the test will only be used for the analysis of the effectiveness and 
ineffectiveness of the icons. 
3. This test will take about 20 to 30 minutes. 
4. This test does not require any personal information, such as name, age, sex and ethical 
group. 
5. The participant is voluntary to take the test. If you feel physically, psychologically or 
emotionally uncomfortable for the test, you may withdraw at any time. 
6. You assistance in this research is appreciated 
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Computer Software Icon Design - User Test Questionnaire 
VVhmisyourm~or? ___________________________ __ 
How long have you been using a computer? _________________ _ 
Do you use Microsoft Word? 0 Yes ONo 
How long have you been using Microsoft Word? __________________ _ 
How often do you use Microsoft Word? 0 Everyday 
o Several times a week 
o Several times a month 
o Several times a year 
Do you use Adobe Photoshop? 0 Yes ONo 
How long have you been using Adobe Photoshop? 
----------------------
How often do you use Adobe Photoshop? 0 Everyday 
o Several times a week 
o Several times a month 
o Several times a year 
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Computer Software Icon Design - User Test 1.1 
This set of icons is from the computer interface named Microsoft Word. Microsoft Word is 
a popular interface for handling projects from quick memos to major manuscripts. People 
from various fields use this software to do typing. 
Please fill in the blank with the function you think the icon represents. 
D [11 
------
ill 
------
II_-
III 
------
lEe I 
------
[[I 
------
---11_-
~--
• RJ 
Ir.;n 
lD 
III 
m 
• 111--
El--
&1--
[IJ __ _ 
• 
• 
• 
• 
• [II 
II 
• II 
• ~.. !te ........• 
-
• 
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Computer Software Icon Design - User Test 1.2 
This set of icons is from the computer interface named Microsoft Word. Microsoft Word is 
a popular interface for handling projects from quick memos to major manuscripts. People 
from various fields use this software to do typing. 
Please match the icon with a function listed. You can simply fill in the blank with the 
number. 
a • 
1. undo 37. Insert slide 
2. Format painter 38. Delete mail 
[II 3. Zoom 39. Insert table 4. Save mail 40. Insert Microsoft 
5. Default call out Excel worksheet 
6. Reminder 35. Group 
7. New 42. Chart 
8. Bullet 43. Find special text 
9. Text box 44. Enlarge mail 
10. Increase indent 45. Italic 
11. Print view 46. Duplicate square 
12. Copy mail 47. Symbols 
• E1 
13. Rotate left 48. Centered text 
14. Open file 49. Auto format 
II 15. Auto text 50. Justified text : ~::~ =-'~~ 16. Calculator 51. Save file 
17. Enter E-mail 52. Toolbar 
password 53. Send mail 
18. Go down 54. Left-aligned text 
19. Erase 55. Show mail 
20. Paint stroke 56. Bold 
21. Redo 57. Drawing 
22. Rotate right 58. Spelling 
II 23. Note pad 59. Change case 24. Create business 60. Next mail 
card 61. Underline [[I II 25. Print 62. Enlarge letter ~~~j~;~j~~ 26. Border size 
27. Right-aligned text 63. Send to back 
28. Bring to front 64. Insert disk 
• 
29. Reduce letter size 65. Ungroup 
30. Decrease indent 66. Add mail 
31. Normal view 67. Find file 
• 
32. Call out 68. Copy file 
33. Paste 69. Footnote 
• 
34. Cut 70. Quotation 
35. Wrong mailing 
• 
address 
1L:: :::?,: 36. Help 
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Computer Software Icon Design - User Test 2.1 
This set of icons is from the computer interface named Adobe Photoshop. Adobe 
Photoshop is an interface for professional graphic designers to do photograph editing, 
drawings and paintings 
Please fill in the blank with a function you think the icon represents . 
• 
[±] 
[£] [S] 
~ IT] 
[i1J [3] 
~ ~ 
[SJ [2] 
~ [I] 
~ [l] 
~ ~ 
lliJ ~ [!J] 
[TIC ~-' 
~LlO 
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Computer Software Icon Design - User Test 2.2 
This set of icons is from the computer interface named Adobe Photoshop. Adobe 
Photoshop is an interface for professional graphic designers to do photograph editing, 
drawings and paintings 
Please match the icon with a function listed. You can simply fill in the blank with the 
number. 
--~--
ffiJ __ 
[fiJ __ 
~ 
-----[SJ 
-----
~ 
-----
~-­
~ 
~--
[±]--
1-*,1 ____ -
IT] 
-----
~-­
~ 
-----[2] __ 
O __ 
[l]--
[]a 
~--
[!j-
~~ L:::::::.J ~ 
~LlO __ 
1. Draw Rectangle 
2. Crop Picture 
3. Draw 3-dimensional Cube 
4. Zoom 
5. Stretch 
6. Create dotted pattern 
7. Add water drop 
8. Select straight and irregular segments 
9. Stop 
10. Draw dot, line or area 
11. Brush Stroke 
12. Select Rectangular area 
13. Text 
14. Scroll Image 
15. Pour paint to fill an area 
16. Erase 
17. Duplicate partial image 
18. Standard window 
19. Sharpen or blur image 
20. Taking Color Sample from image 
21. Approved picture 
22. Color gradation 
23. Shift 
24. Smudge Color 
25. Select similar color areas 
26. Foreground Color 
27. Airbrush 
28. Spray color 
29. Screen with menu bar 
30. Draw Line 
31. Background Color 
32. Define foreground figure 
33. Screen without menu bar 
34. Change background image 
35. Brighten or darken photo 
36. Overlap Pictures 
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Computer Software Icon Design - User Test 3.1 
What is your major? _______________________ _ 
How long have you been using a computer? 
The following icons are designed for certain computer software. Please match the icon 
with a function listed. You can simply fill in the blank with the number. 
1. Undo 
2. Add Border 
3. Symbol 
4. Redo 
I.D~.!I _____ _ 5. Group 6. Spanish 
[II 
------
7. Ungroup 
8. Find Files 
[II 
------
9. Fine Special File 
10. SharpenIBlur 
~-- 11. Smudge 12. Brighten or Darken [1] __ _ 13. Search 14. Square 
t~~E~il 15. Non Sense 
------
[~~~~il 
------
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Computer Software Icon Design - User Test 3.2 
What is your major? ________________________ _ 
How long have you been using a computer? 
The following icons are designed for certain computer software. Please match the icon 
with a function listed. You can simply fill in the blank with the number. 
g 
------
1. Add Border 
2. Create Rectangle 
B __ _ 3. Square 
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APPENDIX B - TEST RESULTS 
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User Test Result - Microsoft Word 
The following chart presents the information of the icons, the correct functions, 
the subjects' misinterpretations, and the percentages of the mistakes. 
Icons Correct Function Misinterpretation % of Mistake 
New Insert paper 29% 
Open Query 14% 
Save File format disk, insert disk, eject disk, save into disk. 46% 
Print 5% 
Cut 0% 
Copy More than one page, second page 30% 
Paste put in folder, note pad 39% 
Undo marker, shade, pen, erase 72% 
Bullet 40% 
Increase Indent 21% 
Decrease Indent 20% 
Print View enlarge part 53% 
Format Painter broom, paint 50% 
Undo turn left 72% 
Redo tum right 73% 
Auto Format 
find special text, reminder, done. new page, preview, 96% document error 
Auto Text 
key board control, calculator, eject disk, 
100% enter e-mail password 
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Icons Correct Function Misinterpretation %of Mistake 
Spelling 12% 
Change Scale 36% 
Border window, grid,text box, divide into section, 63% layout format, 
Enlarge Size 26% 
Reduce Size 25% 
Text Box print view, left justify, leHer, autoformat 69% 
Call Out 65% 
Format Call Out create business card 76% 
Find File zoom out, zoom in, 73% 
Find Special File zoom out, zoom in, blocks, 88% 
Insert Slide 
disk drive, new paper, make envelope,Iabel, 
97% file cabinet, 
Symbol grammar, spanish 64% 
Insert Table list, column, calculator, calender 70% 
Insert Microsoft construct, column, not calculator, no table, calculator 66% Excel Worksheet 
Drawing 47% 
Chart 19% 
Help 20% 
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Icons Correct Function Misi nterpretation % of Mistake 
Bold 3% 
Italic 2% 
Underline 1% 
Left-aligned Text 7% 
Centered Text 9% 
Right-aligned Text 7% 
Justified Text 17% 
Toolbar down, minimize, page down, go down 97% 
Send Mail put away, insert, check mail 46% 
Delete Mail no mail, close file 51% 
Show Mail you need glass 30% 
Next Mail combine, copy mail, forward mail, import mail 82% 
Add Mail edit mail, save mail, send mail 64% 
Bring to Front center picture, overlap, change background color 51% 
Send to Back side picture, overlap, change foreground color 53% 
Group square, draw square, move objects 85% 
Ungroup borders, square, group, overlapping, design boxes 85% 
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User Test Result - Microsoft Word Matching And Filling 
The following chart presents the test results of matching functions from a list 
with the icons, and filling in blanks with subjects' interpretations. 
Icons Correct Function Matching Mistakes Filling Mistakes 
New 16 13 
Open Query 8 6 
Save File 29 17 
Print 4 1 
Cut 0 0 
Copy 20 10 
Paste 34 5 
Undo 42 30 
Bullet 21 19 
Increase Indent 14 7 
Decrease Indent 12 8 
Print View 38 15 
Fonnat Painter 32 18 
Undo 37 35 
Redo 37 36 
Auto Fonnat 48 48 
Auto Text 50 50 
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Icons Correct Function Matching Mistakes Filling Mistakes 
Spelling 7 5 
Change Scale 21 15 
Border 31 32 
Enlarge Size 15 11 
Reduce Size 13 12 
Text Box 36 33 
Call Out 45 20 
Format Call Out 47 29 
Find File 41 32 
Find Special File 47 41 
Insert Slide 48 49 
Symbol 33 31 
Insert Table 32 38 
Insert Microsoft 32 34 Excel Worksheet 
Drawing 33 14 
Chart 13 6 
Help 11 9 
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Icons Correct Function Matching Mistakes Filling Mistakes 
Bold 3 0 
Italic 1 1 
Underline 1 0 
Left-aligned Text 5 2 
Centered Text 5 4 
Right-aligned Text 5 2 
Justified Text 10 7 
Toolbar 48 49 
Send Mail 22 24 
Delete Mail 26 25 
Show Mail 21 9 
Next Mail 36 46 
Add Mail 28 36 
Bring to Front 23 28 
Sand to Back 26 27 
Group 45 40 
Ungroup 46 39 
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User Test Result - Adobe Photoshop 
The following chart presents the information of the icons, the correct functions, 
the subjects' misinterpretations, and the percentages of the mistakes. 
Icons Correct Function Misinterpretation % of Mistake 
• 
Select frame, draw rectangle 55% 
[£] Select irregular draw polyline 55% Shapes 
~ Crop Picture comer, mirror image, no cross lines 74% 
~ Scroll Image help, manual, stop 65% 
~ Paint Bucket 46% 
[SJ Draw Line cut 29% 
~ Eraser draw 3-0 cube 30% 
~ Airbrush 54% 
[iJ Duplicate Image stamp. approved picture 67% 
lli] Sharpen/Blur light, add water drop 80% 
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Icons Correct Function Misinterpretation % of Mistake 
[±] Shift and Crop stretch, extend page 49% 
[S] Select similar color air brush, spray color, microphone, add sound area 93% 
[f] Text 11% 
~ Zoom 9% 
~ Color Gradation 39% 
[2J Select color from create eyedropper, fill in, add water 68% picture 
[I] Draw 21% 
[l] Paint 7% 
~ Smudge arrow, pointer, select, pick, 72% move section, insert segment, point out a mistake 
~ Dodge/Bum lollipop, paste, make round balls, decrease size 92% [!JJ Foreground! enlarge/reduce, overlap pictures, scale, rotate, Background put to side, cut/paste, 82% color 
[Q] Standard Mode foreground color 66% I I 
'-' 
a Quick Mask Mode background color 62% 
~ Standard Window folders, many items in a folder 80% 
E1 Window with empty folder 71% menu Bar 
0 Window without file 74% menu bar 
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User Test Result - Photoshop Matching And Filling 
The following chart presents the test results of matching functions from a list 
with the icons, and filling in blanks with subjects' interpretations. 
Icons Correct Function Matching Mistakes Filling Mistakes 
• 
Select 31 24 
[E] Select irregular 33 22 Shapes 
~ Crop Picture 39 35 
~ Scroll Image 41 24 
~ Paint Bucket 25 21 
[SJ Draw Line 16 13 
~ Eraser 16 14 
~ Airbrush 31 23 
G¥;J Duplicate Image 43 24 
[]] Sharpen/Blur 47 33 
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Icons Correct Function Matching Mistakes Filling Mistakes 
[±J Shift and Crop 36 13 
[SJ Select similar color 48 area 45 
IT] Text 5 6 
~ Zoom 7 2 
~ Color Gradation 29 10 
[Z] Select color from 36 32 picture 
[I] Draw 16 5 
[l] Paint 7 0 
[ta Smudge 29 43 
~ Dodge/Bum 46 46 
[!J] Foreground! Background 44 38 color 
[Q] Standard Mode 37 29 I • 
'-' 
D Quick Mask Mode 38 24 
~ Standard Window 38 42 
Ll Window with 30 41 menu Bar 
0 Window without 30 44 menu bar 
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